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4 Synopsis 

SYNOPSIS 

A pumping sampler,  c o n s i s t i n g  of an  i n t ake  and pumping system, was developed 
t h a t  w i l l  i n t e r m i t t e n t l y  c o l l e c t  suspended-sediment samples from one poin t  i n  t h e  
c ros s  s ec t ion  of a  stream. The development of t h e  pumping sampler included design 
o f :  c i r c u i t r y  t o  c o n t r o l  t h e  cyc l e  of t h e  pumping system; an in t ake  f o r  e x t r a c t i n g  
a  sample from t h e  stream; a  p ro t ec t ion  device  i n  ca se  of pump stoppage; and a f i s h  
t r a p  t o  prevent  f i s h  from damaging the  pumping system. F i e l d  t e s t s  showed t h a t  t h e  
i n t a k e  e f f i c i e n c y  and ope ra t iona l  dependabi l i ty  of t h e  pumping sampler were s a t i s -  
f a c t o r y  a t  t h e  t e s t i n g  s i t e  on t h e  North Loup River near  S t .  Paul ,  Nebr. 

Two record ing  systems and one b o t t l i n g  system were developed t o  handle t h e  
pumped samples: 

1. The accumulative-weight record ing  system measures t he  weight of t h e  sus- 
pended sediment i n  t h e  pumped samples a s  t h e  sediment s e t t l e s  onto a  sus- 
pended weighing pan. A record  of sediment concent ra t ion  i s  obta ined  with- 
ou t  l abo ra to ry  a n a l y s i s  of any samples except those  taken s e p a r a t e l y  a s  a  
pe r iod i c  check on sampling e f f i c i ency ,  Good accuracy can be  expected f o r  
per iods  of uniform flow a t  f a i r l y  h igh  concent ra t ions  of sands and coarse  
s i l t s .  

2 .  The volume record ing  system photographical ly records  t h e  quan t i t y  of water  
and accumulated sediment i n  samples. Every 6 hours a  p i n t  sample i s  
b o t t l e d  f o r  l a t e r  a n a l y s i s  i n  t h e  l abo ra to ry .  I f  t h e r e  i s  no t  much c l ay  
i n  suspension, good accuracy can be obtained f o r  per iods  of h igh  concen- 
t r a t i o n s  of sands and coarse  s i l t s ,  even though concent ra t ion  and flow 
change r ap id ly .  

3 .  The individual-sample b o t t l i n g  system c o l l e c t s  a  p i n t  sample a t  p r e s e t  
t imes f o r  l a t e r  a n a l y s i s  i n  t h e  l abo ra to ry .  F ine  sediments and f l a s h y  
streams a r e  r e a d i l y  handled. The b o t t l i n g  sampler can be  moved from s i t e  
t o  s i t e .  
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Progress  Report 

INVESTIGATION OF A PUMPING SAMPLER WITH ALTERNATE 
SUSPENDED-SEDIMENT HANDLING SYSTEMS 

I. INTRODUCTION 

I .  --Work on t h e  pumping sampler i s  p a r t  of an  

i n v e s t i g a t i o n  aimed a t  development of new devices t o  measure suspended-sediment 
loads i n  streams au tomat ica l ly .  Although t h e  i n v e s t i g a t i o n  i s  based on a consider- 
a t i o n  of a l l  f a c t o r s  involved i n  t he  d ischarge  of suspended sediment, t h e  scope of 
t h e  p r o j e c t  has been l imi t ed  p r imar i l y  t o  development of a pumping sampler t h a t  
w i l l  c o l l e c t  and handle suspended-sediment samples from one po in t  i n  t h e  c ros s  
s ec t ion  of a stream. 

The idea of a pumping sampler i s  not  new. Two of t h e  most: e l abo ra t e  i n s t a l l -  
a t i o n s  which have been t r i e d  were repor ted  by Braudeau [ I ]  * and Wilkinson [6]. 

2 .  Phases of t h e  invest igat ion--The pumping sampler i n v e s t i g a t i o n  was i n  two 
p a r t s .  The f i r s t  p a r t  was t h e  development, opera t ion ,  and f i e l d  t e s t i n g  of an  in-  
t ake  and pumping system f o r  obta in ing  r ep re sen ta t i ve  sediment samples from one 
po in t  i n  t h e  c ros s  s e c t i o n  of a stream. The second p a r t  was t h e  development of 
t h r e e  a l t e r n a t e  suspended-sediment handling systems: (1) an accumulative-weight 
system, (2) a volume record ing  system, and (3 )  an individual-sample b o t t l i n g  
system. The f i r s t  two systems were f i e l d  t e s t e d  and t h e  b o t t l i n g  system was 
labora tory  t e s t e d .  

*k Numbers i n  bracke ts  i n d i c a t e  re ferences  l i s t e d  on Page 73 
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11. INTAKE AND PUMPING SYSTEM 

3 .  Basic opera t ing  system--The i n t a k e  system c o n s i s t s  of an i n t ake  s t r u c t u r e  
wi th  i n t a k e  p o r t  (or  opening), f i s h  t r a p ,  and lead  i n  ( i n t ake )  p ipes .  The pumping 
system c o n s i s t s  of a  cyc le  con t ro l  system, pump, f l u sh ing  va lve ,  sample s p l i t t e r ,  
flow i n d i c a t o r ,  and f lushing-water  supply tank.  

The bas i c  cyc l e  of opera t ion  of t h e  pumping sampler i s  con t ro l l ed  by t h e  cyc l e  
cont ro l  u n i t .  J u s t  before  each sampling per iod  a  supply of f l u sh ing  water  i s  
drained out  through t h e  i n t a k e  system t o  remove any deb r i s  o r  sediment t h a t  may 
have c o l l e c t e d  i n  t h e  i n t a k e  dur ing  t h e  i n t e r v a l  between pumping cyc l e s .  The 
f i r s t  po r t i on  of t h e  pumped flow i s  wasted so  t h a t  t h e  sediment concent ra t ion  i n  
the  system may become cons tan t  be fo re  t h e  sample i s  c o l l e c t e d .  I f  t h e  pump f a i l s  
t o  d ischarge  proper ly  because t h e  i n t a k e  i s  covered wi th  sand, o r  because t h e  
water l e v e l  i s  below t h e  i n t a k e ,  o r  f o r  any o the r  reason,  a  p ro t ec t ion  system 
stops t h e  normal cyc l e  f o r  a  per iod  of 12 hours .  The i n t a k e  i s  then au tomat ica l ly  
f lushed and t h e  sampling cyc l e  i s  r e s t a r t e d .  I f  sampling i s  normal, t h e  o r i g i n a l  
cyc le  i s  r e s t o r e d  but  i f  t h e  system does not  t ake  a  sample, another  12-hour shut-  
down per iod  begins .  

Each of t h e  t h r e e  sample handl ing  systems: t he  accumulative-weight recording 
system (accumulative-weight record ing  sampler) ,  t h e  volume record ing  system (volume 
recording sampler) ,  and t h e  individual-sample b o t t l i n g  system ( b o t t l i n g  sampler) 
requi red  a  s l i g h t l y  d i f f e r e n t  cyc l e  of pumping system opera t ion .  The fol lowing 
paragraphs desc r ibe  b r i e f l y  t h e  main f e a t u r e s  of t h e  cyc l e  of opera t ion  used wi th  
each system, and t h e  d e t a i l e d  ope ra t ion  of each system i s  given i n  Appendix B .  

A schematic diagram of t h e  pumping system f o r  t h e  accumulative-weight record-  
ing sampler i s  shown i n  F i g .  1. Every 30 minutes a  28-gallon sample (volume con- 
t r o l l e d  by a  water  l e v e l  c o n t r o l )  i s  pumped i n t o  t h e  sedimentat ion tank  through a  
1- in .  i n t a k e  system. J u s t  be fo re  each sampling per iod ,  28 ga l lons  of t h e  nea r ly  
c l e a r  water  a t  t h e  top of t h e  sedimentat ion tank i s  drained out through t h e  i n t ake .  
The pump opera tes  f o r  4 minutes .  During t h e  f i r s t  50 seconds t h e  s p l i t t e r  i s  i n  
t h e  waste p o s i t i o n ;  during t h e  time t o  pump 28 ga l lons  of water  (about 120 seconds) 
i t  i s  i n  t h e  sampling p o s i t i o n ;  and dur ing  t h e  r e s t  of t h e  time i t  i s  i n  t h e  waste 
p o s i t i o n .  A t  t h e  end of any 12-hour i n t e r r u p t i o n  of opera t ion  by t h e  p ro t ec t ion  
system, 10 ga l lons  of water  from an  a u x i l i a r y  supply tank d ra in s  i n t o  t h e  sedimen- 
t a t i o n  tank t o  r e s t o r e  t h e  supply of f l u sh ing  water .  

A schematic diagram of t h e  pumping system f o r  t he  volume record ing  sampler i s  
shown i n  P i g ,  2. Every 30 minutes a  one-gallon sample i s  pumped through a  3/4-in.  
i n t ake  system i n t o  one of 12 sedimentat ion tubes .  A s p l i t t e r  i s  mounted on the  
top of one of t h e  tubes s o  t h a t  a  po r t i on  of t h e  sample i s  d ive r t ed  and co l l ec t ed  
En a p i n t  mi lk  b o t t l e  every 6 hours .  J u s t  before  each sampling per iod  f i v e  ga l lons  
of f l u sh ing  water  from a  supply tank  i s  drained .out through t h e  i n t a k e .  The pump 
opera tes  f o r  100 seconds. During t h e  f i r s t  50 seconds t he  s p l i t t e r  i s  i n  t h e  
waste p o s i t i o n ;  dur ing  t h e  nex t  5  seconds i t  i s  i n  t h e  sampling p o s i t i o n ;  and 
during t h e  l a s t  45 secs .  i t  i s  i n  t h e  waste p o s i t i o n .  P a r t  of t h i s  was te  water  i s  
used t o  r ep l en i sh  t h e  f lushing-water  supply. Water, t o  f l u s h  t h e  i n t ake ,  both 



FLOW INDICATOR 

FIG. 1- SCHEMATIC DIAGRAM OF ACCUMULATIVE-WEIGHT RECORDING SAlvrPLER 



1 2  Section 3 

FLOW INDICATOR 

FISH TRAP 
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f o r  r egu la r  f l u sh ing  and a f t e r  a  12-hour p ro t ec t ion  shutdown, comes from the  
f  lushing-wa t e r  tank.  

A schematic diagram of t h e  pumping system f o r  t h e  b o t t l i n g  sampler i s  shown 
i n  F i g .  3 .  The b o t t l i n g  sampler c o l l e c t s  a  p i n t  sample every 12 hours during low 
r i v e r  s t ages  and every hour dur ing  high r i v e r  s t ages .  J u s t  before  sampling, 5  
ga l lons  of f l u sh ing  water  from a  supply tank i s  drained out  through t h e  i n t ake .  
The pump opera tes  f o r  65 seconds. During t h e  f i r s t  40 seconds t h e  s p l i t t e r  i s  i n  
t h e  waste p o s i t i o n ;  dur ing  t h e  next  3  seconds it i s  i n  t h e  sampling p o s i t i o n ;  and 
f o r  t h e  l a s t  22 seconds i t  i s  i n  t he  waste p o s i t i o n .  P a r t  of t h i s  was te  water  i s  
used t o  r ep l en i sh  t h e  f lushing-water  supply.  The f lushing-water  tank supp l i e s  
water  t o  f l u s h  t h e  i n t ake ,  both f o r  r egu la r  f l u sh ing  and a f t e r  a  12-hour p ro t ec t ion  
shutdown. 

4 .  Intake--The s t r u c t u r e  on which the  i n t ake  i s  mounted i s  shown i n  F i g .  4 .  
The main f e a t u r e  i s  a  guide wa l l  which i s  p a r a l l e l  t o  t h e  stream flow. The guide 
wa l l  i s  made of two 8 - f t ,  2x10-in. planks and one 8 - f t ,  2x6-in. plank mounted on 
4x4-in. pos t s .  The wal l  o r i e n t s  t he  r i v e r  flow t o  provide proper  en t rance  con- 
d i t i o n s  a t  the  i n t ake .  The upstream pos t  i s  fas tened  t o  an o ld  b r idge  p i e r  and 
the  downstream pos t  i s  braced t o  t he  r i v e r  bank. I n  four  years  of ope ra t ion  the  
i n t a k e  s t r u c t u r e  has been damaged only once and t h a t  was by the  s eve re  i c e  flow 
i n  t h e  sp r ing  of 1960. 

The f l a t  p l a t e  i n t a k e  p o r t  (or  opening) cons i s t s  of a  s t e e l  p l a t e  welded t o  
a  p ipe  coupling and mopnted on the  f a c e  of t he  guide w a l l .  Three i n t akes  a r e  
mounted i n  t h e  guide whl l  t o  provide a  choice of i n t a k e  e l eva t ion .  P l a s t i c  p ipe  
connects t h e  i n t ake  t o  t h e  pump. The diameter of the  p ipe  coupling and connecting 
p l a s t i c  p ipe  i s  1 - in .  f o r  t h e  accumulative-weight recording sampler and 314-in. 
f o r  both t he  volume record ing  sampler and b o t t l i n g  sampler.  The d i f f e r e n t  types 
of i n t akes  t h a t  have been t e s t e d  a r e  shown i n  F ig .  5. I n  add i t i on  t o  t h e  f l a t  
p l a t e  i n t ake  they inc lude  an  elbow in t ake ,  and t h r e e  n ipp le  i n t akes ,  each threaded 
i n t o  t he  ou t e r  end of t he  f l a t  p l a t e  i n t ake  coupling.  

5.  F i sh  t rap--Several  times t he  pump was damaged by f i s h  t h a t  en tered  the  
i n t ake .  Af te r  t h e  f i s h  t r a p  shown i n  F ig .  6  was i n s t a l l e d  i n  t h e  p l a s t i c  p ipe  
about 5  f t  from the  end of t h e  i n t a k e  no f u r t h e r  damage occurred.  The r ec t angu la r  
c o n s t r i c t i o n  has about t he  same c ros s  s e c t i o n a l  a rea  a s  t he  i n s i d e  of t h e  p l a s t i c  
p ipe .  

A l l  except t he  sma l l e s t  f i s h  t h a t  en t e r  t he  i n t ake  a r e  trapped ahead of t h e  
c o n s t r i c t e d  s ec t ion  and f lushed  back out  t h e  i n t ake  during t h e  f l u sh ing  per iod  of 
t h e  next  pumping cyc l e .  F i s h  small enough t o  pass  through t h e  c o n s t r i c t e d  s ec t ion  
w i l l  a l s o  pass  through the  pump without  damaging i t .  

6 .  --On t h e  b a s i s  of commercial ca ta logs  and recornmenda- 
t i o n s ,  a  type of pump having a  f l e x i b l e  rubber impel le r  and dr iven  by an e l e c t r i c  
motor was s e l ec t ed  a s  t he  most s u i t a b l e  pumping u n i t .  This type of pump i s  s e l f -  
priming f o r  suc t ion  l i f t s  up t o  15 f t ,  and i t  w i l l  handle a  water-sediment mixture 
which has up t o  10 percent  of s o l i d s  by weight.  
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Two s i z e s  of pmps were used. A pump with l - i n .  suction and discharge open- 
ings and driven by a one-horsepower, 1,750 rpm, e l e c t r i c  motor was chosen f o r  use 

with the  acemlt r t ive-weight  recording sampler. The pump w i l l  discharge 15 gallons 
of water per minute. The pump s i z e  was se lec ted t o  supply a 28-gallon sample i n  
about 2 minutes. A pump with 314-in. garden-hose suction and discharge por ts  and 
driven by a 114-horsepower, 1,950 rpm, e l e c t r i c  motor was chosen f o r  use with the  
volume recording sampler and the b o t t l i n g  sampler. This pump w i l l  discharge 10 
gallons of! water per minute. The pump s i z e  was seLected t o  maintain a veloci ty  
of about 4.5 fps  i n  a 314-in. diameter intake.  The pipe s i z e s  of 1- in .  and 314-in. 
were seleczed so t h a t  the  in take  ve loc i ty  would be a t  l e a s t  4.5 fps ,  t o  prevent 
sediment from s e t t l i n g  i n  t h e  in take  and pumping system during sampling. The t o t a l  
p~mping head was about 42 f t  (18 f t  l i f t  and 24 f t  f r i c t i o n  head) a t  the S t .  Paul, 
Mebr,, s i t e ,  A check valve was i n s t a l l e d  t o  maintain prime i n  the pump. Also a 
small pipe from the  f lushing Line was i n s t a l l e d  t o  supply extra water t o  r e s t o r e  
prime when a twig or other debris  prevented the  check valve from clos ing between 
pumping cycles .  

A normally-closed solenoid operated pinch valve was used f o r  control  of the  
f lushing water. This valve was se lec ted because it was more economical than other 
types of e l e c t r i c a l l y  operated valves.  

7. --The s p l i t t e r  assembly i s  shown i n  Fig .  7. The supply 
l i n e  from the  pump t o  the  s p l i t t e r  i s  a  f l e x i b l e  l - i n .  pipe fo r  the  accumulative- 
weight recording sampler. The supply l i n e  from t h e  pump t o  the  s p l i t t e r  i s  a  
314-in, garden hose except f o r  the  se lec t ion  of l - in .  f l e x i b l e  pipe through the  
flaw indicator  f o r  the  volume recording sampler and the  b o t t l i n g  sampler. A ro ta ry  
solenoid moves the  s p l i t t e r  arm between the  waste posi t ion and the  sample posi t ion.  
The sample l i n e  and waste l i n e  a r e  l - i n .  p l a s t i c  pipe.  

8, F l o w  indicator--The 12-hour protect ion system is actuated by the  flaw in-  
d ica tor  shown i n  Pig.  8. The 1 - in .  f l e x i b l e  rubber tubing which passes through 
the  flow ind ica to r  i s  a hor izonta l  sec t ion of the  supply l i n e  from the  pump t o  the 
s p l i t t e r .  The flow indicator  i s  mounted on the  s p l i t t e r  arm. Whenever the  pump 
i s  discharging,  the  weight of the  water flowing through the  rubber tubing com- 
presses the  c o i l  spring and depresses the  push rod t o  t h e  flow indicator  switch 
which opens the  c i r c u i t  t o  the  protect ion system and turns  on the  white l i g h t .  
The white l i g h t  indicates  t h a t  the sampler i s  operating.  Whenever the  pump f a i l s  
t o  discharge during a pumping cycle, the  flow indicator  switch remains closed 
which energizes the  protect ion c i r c u i t  and a c t i v a t e s  the  time delay re lay .  

9 , --The f lushing water f o r  the  accumulative-weight re-  
cording sampler i s  supplied from the  sedimentation tank, (Pig. 1 ) .  The aux i l i a ry  
f lushing water f o r  the  accumulative-weight recording sampler (Fig. I ) ,  and f lush-  
ing water fo r  the  volume recording sampler and b o t t l i n g  sampler (Figs. 2 and 3),  
a r e  supplied from standard 55 gallon tanks.  The aux i l i a ry  flushing-water tank i s  
f i l l e d  whenever the  sampler i s  serviced. The other  flushing-water tanks a r e  f i l l e d  
with the  waste discharge from the  s p l i t t e r  and each i s  equipped with an overflow 
dra i n ,  
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111. FIELD TESTS OF INTAKE AND PUMPING SYSTEM 

10 .  Loca t ion  of  f i e l d  t e s t i n g  s i t e - - T h e  s i t e  f o r  f i e l d  t e s t s  and f i e l d  opera-  
t i o n  o f  t h e  pumping samplers  was on t h e  North Loup River  3  m i l e s  n o r t h  of  S t .  P a u l ,  
Nebr. (See F i g s .  9  and 1 0 ) .  The sampler  i n s t a l l a t i o n  was b u i l t  on t h e  s o u t h  bank 
of t h e  r i v e r  230 f t  downstream from t h e  b r i d g e  on U.  S ,  Highway 281. T h i s  s i t e  
was chosen f o r  t h e  f i e l d  s t u d y  because  t h e  North  Loup River  has  cont inuous w a t e r  
and sediment  d i s c h a r g e ,  a  U .  S .  Geo log ica l  Survey s t ream gaging and sediment- 
sampling s t a t i o n  was l o c a t e d  t h e r e ,  and e l e c t r i c  power was r e a d i l y  a v a i l a b l e .  The 
r i v e r  banks a t  t h e  s i t e  a r e  s u f f i c i e n t l y  h i g h  t o  p r e v e n t  submergance of equipment 
d u r i n g  f l o o d  f l o w s .  A bend i n  t h e  r i v e r  upst ream from t h e  highway b r i d g e  t e n d s  t o  
c o n c e n t r a t e  t h e  f low n e a r  t h e  s o u t h   ban^, a  c o n d i t i o n  which s i m p l i f i e d  t h e  d e s i g n  
of t h e  i n t a k e  s t r u c t u r e .  

11. North  Loup River--The North  Loup River  f lows i n  a  g e n e r a l  s o u t h e a s t e r l y  
d i r e c t i o n ,  and j o i n s  t h e  Middle Loup River  4  m i l e s  below S t .  P a u l ,  Nebr . ,  t o  form 
t h e  Loup R i v e r .  The North  Loup River  i s  abou t  190 m i l e s  long .  The main t r i b u t a r y  
i s  t h e  Calamus River  which j o i n s  t h e  North  Loup River  n e a r  Burwell ,  Nebr . ,  60 
m i l e s  above S t .  P a u l .  

The upper  t w o - t h i r d s  of  t h e  North  Loup Bas in  i s  i n  t h e  s a n d h i l l s  r e g i o n  of 
n o r t h - c e n t r a l  Nebraska. The s a n d h i l l s  a r e  b l a n k e t e d  by dune sand of  v a r y i n g  d e p t h s  
on moderate  s l o p e s  t h a t  a r e  s t a b i l i z e d  by g r a s s  cover .  The r e s t  of t h e  b a s i n  i s  
o v e r l a i n  w i t h  l o e s s  on r o l l i n g  t o  s t e e p  s l o p e s ,  and i t  i s  used f o r  g e n e r a l  farming.  

1 2 .  Stream Flow Pa t t e rn - -The  North  Loup River  upst ream from S t .  P a u l  has  a  
d r a i n a g e  a r e a  of  4 ,460 s q u a r e  m i l e s ,  of  which on ly  abou t  1 ,270 square  m i l e s  con- 
t r i b u t e s  d i r e c t l y  t o  s u r f a c e  r u n o f f .  The s o i l  i n  t h e  s a n d h i l l  r e g i o n  r e a d i l y  ab- 
s o r b s  r a i n f a l l ,  and d r a i n a g e  o u t  of  t h e  r e g i o n  i s  from ground w a t e r  which p r o v i d e s  
s t a b l e  s t ream f low.  I n  c o n t r a s t ,  s torm r u n o f f  from t h e  l o e s s  a r e a  produces l a r g e  
f l u c t u a t i o n s  i n  s t ream d i s c h a r g e .  

The a v e r a g e  d i s c h a r g e  of t h e  North  Loup River  over  53 y e a r s  of r e c o r d  (1894- 
1915, 1928-60) was 982 c f s  ( c u b i c  f e e t  p e r  second) .  [ U .  S,  Geol.  Survey Water- 
Supply Paper  17101 The maximum d i s c h a r g e  d u r i n g  t h e  above per iod  was 90,000 c f s  
on J u n e  6 ,  1896, and minimum d a i l y  f low was 85  c f s  on August 8 ,  1941. Water d i s -  
charges  d u r i n g  t h e  p e r i o d s  t h a t  t h e  pumping sampler  was i n  o p e r a t i o n  a r e  summarized 
i n  Tab le  1. The mean d a i l y  d i s c h a r g e  was 1 ,051  c f s  f o r  t h e  80 day o p e r a t i n g  p e r i o d  
i n  1957, 929 c f s  f o r  t h e  162 day p e r i o d  i n  1958, 770 c f s  f o r  t h e  182 day p e r i o d  i n  
1959, 799 c f s  f o r  t h e  168 day p e r i o d  i n  1960, and 806 c f s  f o r  t h e  173 day p e r i o d  
i n  1961. The maximum d a i l y  d i s c h a r g e  w i t h i n  t h e  p e r i o d s  of sampler o p e r a t i o n  was 
4 ,860 c f s  on J u l y  24, 1958 and t h e  minimum d a i l y  d i s c h a r g e  was 259 c f s  on J u l y  
18 ,  1961. 

1 3 .  Suspended sediment--Records of suspended-sediment d i s c h a r g e  of  t h e  North 
Loup River  n e a r  S t .  P a u l ,  Nebr . ,  a r e  a v a i l a b l e  from A p r i l  1 1 ,  1946 t o  J u n e  30, 
1953. [ U .  S .  Geol .  Survey Water-Supply Paper  12911 The maximum d a i l y  sediment 
d i s c h a r g e  d u r i n g  t h e  above p e r i o d  was 463,000 t o n s  on J u n e  22,  1947, and t h e  
minimum d a i l y  sediment  d i s c h a r g e  was 20 t o n s  on August 3 ,  1946 and February 2 2 ,  
1953. During t h e  same p e r i o d  t h e  maximum mean d a i l y  sediment  concentr:] t i o n  was 



2 2 Section 1 3  

S c a l e  

North Loup River  Basin  

Index M a p  Showing the North  LOUP 

River Bas in  in Nebraska  

r U . S .  Highway 

S t a t e  Highways 

M i l e s  2 0 2 

Scale 

FIG. 9 - LOCATION OF FIELD TESTING SITE 



S e c t i o n  13  ? 3 



TABLE 1 

SUMMARY OF WATER DISCHARGE NORTH LOUP RIVER FOR PERIODS OF SAMPLER OPERATION 

( ~ £ 5 )  

No. 
Days Mean Maximum Minimum 

1957 (September 2 - November 20) 

September 2-30 29 

October 3 1 
November 1-20 2 0 

Pe r iod  2,670 
on 9/14 on 913-4 I 544 

1958 (Apr i l  30 - October 8) I 
Apr i l  30 

May 
June  
J u l y  
August 
September 
October 1-8 

Per iod  

A p r i l  28-30 

May 
June  
J u l y  
August 
September 

October 1-26 

(Apr i l  

Per iod  1 182 

28 - October 26) 

November 1 

October 1-3  

The f i g u r e s  shown from September 1957 t o  September 1960 a r e  
from U. S. Geol. Survey Water-Supply Papers  1510, 1560, 1630, 
and 1710. The f i g u r e s  shown from October 1960 t o  October 1961 
a r e  from p rov i s iona l  records  and a r e  s u b j e c t  t o  r e v i s i o n .  
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17,200 ppm ( p a r t s  pe r  mi l l i on )  on Apr i l  2 7 ,  1951, and t he  maximum observed concen- 
t r a t i o n  was 33,600 ppm a t  9:45 a.m.,  Apr i l  2 7 ,  1951. 

Pe r iod i c  suspended-sediment d i scharge  measurements were made on t he  North 
Zoup River near  S t .  Paul ,  Nebr., from J u l y  1, 1953 t o  September 30, 1961. Resul t s  
of t he  measurements made during per iods  of sampler ope ra t i on  a r e  shown i n  Table 2 .  
The maximum observed concent ra t ion  f o r  t h e  above per iod  was 23,000 ppm a t  9:30 a .m. ,  
J u l y  9 ,  1958. 

The s i z e  g r ada t i on  of t he  suspended sediment a t  t he  S t .  Paul t e s t  s i t e  i s  
shown i n  F i g .  11. The main source of suspended sedimeht dur ing  high flows i s  
storm runoff  from the  l o e s s  reg ion  i n  t he  lower p a r t  of t he  North Loup River ba s in  
S i ze  ana lyses  of suspended-sediment samples from per iods  of high flow show t h a t  
t h e  median p a r t i c l e  s i z e  i s  about 9 microns (F ig .  11-A). During per iods  of low 
stream flow t h e  main source of suspended sediment i s  s t ream channel m a t e r i a l  which 
o r i g i n a t e d  i n  t he  sand h i l l  a r e a .  S i z e  ana lyses  of suspended-sediment samples 
c o l l e c t e d  dur ing  per iods  of low flow show t h a t  t he  median p a r t i c l e  s i z e  i s  about 
69 microns (Fig. ~ I - B ) .  (F ig .  1 1 - C  shows the  s i z e  g r ada t i on  of t h e  suspended s ed i -  
ment a t  t h e  Dunning t e s t  s i t e  descr ibed  i n  Sec t ion  18 . )  

I 2 4 I0 28 40 100 200 400 

Particle diameter i a  microns 



TABLE 2  

SEDIFENT DISCHARGE MEASUREMENTS NORTH LOUP RIVER 
FOR PERIODS OF SAMPLER OPERATION 

D a t e  Time L o c a t i o n  

-- - - -- - . -- - ----- 
Suspended  Sed imen t  

- - . . . . . - 
i n e r  t h a n  i n d i c a t e d  s i z e  ( m i c r o n s )  

1957 (Sep t embe r  2 - November 20)  

B r i d g e  
B r i d g e  26  8  2  1 0 0  
B r i d g e  1 0 0  

I 1958  ( A p r i l  30  - O c t o b e r  8 )  I 
May 1 2  
Flay 26 
J u n e  9  
J u n e  1 7  
J u n e  23  
J u l y  7  
J u l y  9  
J u l y  20 
J u l y  21 
Aug. 4 
Aug. 1 8  
Aug. 26 
S e p t .  8  

B r i d g e  
B r i d g e  
B r i d g e  

S.T.1, g a g e  
B r i d g e  
B r i d g e  
B r i d g e  
B r i d g e  
B r i d g e  
B r i d g e  
B r i d g e  

S.I.1. g a g e  
B r i d g e  

I 1959 ( A p r i l  28  - O c t o b e r  26 )  I 

1 9 6 1  ( A p r i l  1 4  - O c t o b e r  3)  I 

The f i g u r e s  shown f o r  S e p t e m b e r ,  1 9 5 7 ,  a r e  f rom U. S .  G e o l .  S u r v e y  
W a t e r - S u p p l y  P a p e r  1 5 2 1 .  The  f i g u r e s  shown f rom O c t o b e r ,  1 9 5 7 ,  t o  
S e p t e m b e r ,  1 9 6 1  a r e  f r om p r o v i s i o n a l  r e c o r d s  a n d  a r e  s u b j e c t  t o  r e v i s i o n .  
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14.  Shelter--An 8 by 10 f t  frame bu i ld ing  ( P i g .  12) t o  s h e l t e r  t h e  t e s t  
?quipment was cons t ruc t ed  30 f t  from t h e  r i g h t  bank o f  t h e  r i v e r  and 23C 2 t  dnx"~fi- 
.trearn from t h e  highway b r idge .  A sedimentat ion tank  and. punping "quipmeat a r e  
contained i n  t h e  s h e l t e r  foundat ion.  A was te  way c a r r i e s  unwanted sarnples back t o  
t he  s t ream,  The l a r g e  double door on t h e  stream s i d e  of t h e  bu i l d ing  i s  en e x i t  
f o r  emptying t h e  weighing pan. A 110-220 v o l t  e l e c t r i c  s e r v i c e  i s  suppl ied  by t h e  
l o c a l  R O E  . A .  Company. 

FIG. 12 PUMPING SAMPLER S H E L T E R  
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15 .  F i e l d  t e s t i n g  program--Suspended-sediment samples were c o l l e c t e d  and 
ana lysed  t o  determine t h e  fo l lowing  b a s i c  pumping sampler r e l a t i o n s h i p s :  

(1) Bas i ca l l y ,  a  pumping sampler i s  used t o  determine t h e  concent ra t ion  of 
suspended sediment a t  t h e  sampler i n t a k e  (po in t  of sample i n t a k e  from r i v e r ) .  So 
a  primary problem s f  p m p i n g  sampler usage i s  de te rmina t ion  of t h e  r e l a t i o n s h i p  
of t h e  average corncentration i n  t h e  s t ream c r o s s  s e c t i o n  t o  t h a t  a t  t h e  sampler 
i n t a k e .  The r e l a t i o n s h i p  i s  needed be fo re  pumping sampler da t a  can be used t o  
d e f i n e  concent ra t ion  of suspended sediment i n  t h e  stream c r o s s  s e c t i o n .  The 
r e l a t i o n s h i p  depends on many v a r i a b l e s ;  i t  w i l l  be d i f f e r e n t  a t  d i f f e r e n t  s i t e s ;  
and a t  a  given s i t e  i t  w i l l  vary  w i t h  changes i n  l o c a l  cond i t i ons .  Therefore ,  an  
ex tens ive  s tudy a t  one s i t e  would no t  c o n t r i b u t e  g r e a t l y  t o  t h e  understanding of 
t h e  r e l a t i o n s h i p  a t  another  s i t e .  Consequently, t h e  r e l a t i o n s h i p  of concen t r a t i on  
i n  t h e  c r o s s  s e c t i o n  t o  concen t r a t i on  a t  t he  sampler i n t a k e  was determined only  
f o r  a  few s e r i e s  of samples taken  a t  d i f f e r e n t  t imes dur ing  t h e  sampling season.  
These samples showed the  genera l  magnitude of t h e  problem on a  stream such a s  t h e  
North Loup River a t  S t .  Pau l ,  Nebr. Fu r the r  d e f i n i t i o n  of t he  r e l a t i o n s h i p  was 
not  considered necessary t o  t h e  pumping sampler development program. 

(2 )  The r e l a t i o n s h i p  of t h e  sediment concent ra t ion  i n  pumped samples t o  t h a t  
i n  t h e  r i v e r  a t  t h e  sampler i n t a k e  i s  a  measure of t h e  e f f i c i e n c y  of t he  pumping 
sampler i n t a k e .  The uni formi ty  of concent ra t ion  dur ing  t h e  sampling time a s  shown 
l a t e r  i n  Table 5 ,  and t he  h igh  v e l o c i t y  i n  t h e  i n t a k e  system both show t h a t  t h e r e  
i s  no accumulation of sediment i n  t h e  i n t ake  system dur ing  sampling. Therefore,  
t h e  r e l a t i o n s h i p  between concen t r a t i on  i n  t h e  pumped samples and i n  those  taken  
a t  t h e  sampler i n t ake  i s  a  measure of t h e  sampling e f f i c i e n c y  of t h e  i n t a k e  p o r t  
o r  opening. Veloc i ty  p a s t  t h e  i n t a k e  and s i z e  of sediment involved a r e  t h e  two 
main v a r i a b l e s  t h a t  a f f e c t  i n t a k e  e f f i c i e n c y .  As a  p a r t  of t h e  i n t a k e  development 
program samples were taken a t  t h e  S t .  Paul  s i t e  and analyzed t o  d e f i n e  t h e  pumping 
sampler i n t ake  e f f i c i e n c y .  An a d d i t i o n a l  s e r i e s  of t e s t s . w a s  made on t h e  Middle 
Loup River  near Dunning, Nebr. where t h e  sediment i n  suspension was coa r se r  than 
t h a t  a t  S t .  Paul .  

The i n t a k e  e f f i c i e n c y  i s  based on t h e  concent ra t ion  i n  t h e  pumped samples. 
Any l o s s e s  i n  t h e  f l u sh ing  water  (Sec t ion  2 7 ) ,  o r  e r r o r s  i n  record ing  t h e  concen- 
t r a t i o n  i n  t he  samples, a r e  not  p a r t  of t h e  i n t a k e  e f f i c i e n c y .  

(3)  The s p l i t t e r  should remain i n  t h e  presampling, o r  was te  p o s i t i o n  u n t i l  
t he  concent ra t ion  i n  t h e  pumped sample becomes uniform. A s tudy  of t he  l eng th  of 
t ime r equ i r ed  t o  reach uni formi ty  was a  p a r t  of t h e  s p l i t t e r  development program. 

16 ,  Rela t ion  of sediment concent ra t ion  i n  t he  r i v e r  t o  t h a t  a t  t h e  sampler 
intake--At va r ious  times throught  t h e  per iod  of sampler ope ra t i on  depth i n t e g r a t e d  
suspended-sediment samples were taken a t  20 o r  more v e r t i c a l s  i n  t h e  r i v e r  c r o s s  
s e c t i o n  near  t he  gaging s t a t i o n  a t  t h e  S t .  Paul  sampling s i t e  for-comparison w i th  
samples taken from t h e  r i v e r  a t  t h e  sampler i n t a k e .  The c ro s s  s e c t i o n  samples 
were c o l l e c t e d  from the  downstream s i d e  of t h e  highway b r idge  o r  by wading a t ,  o r  
near ,  t he  pumping sampler i n t a k e .  Samples were c o l l e c t e d  u s ing  a  U. S. DH-48 o r  a  
U. S.  D-49 suspended sediment sambler.  Samples a t  t h e  pumping sampler i n t a k e  
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were taken w i t h  t h e  U.  S .  DH-48 nozzle  he ld  a t  t he  i n t a k e  e l eva t i on  and about s i x  
inches from t h e  i n t a k e  opening. 

Data from t h e  samples show t h e  genera l  c ro s s  s e c t i o n  t o  i n t a k e  r e l a t i o n s h i p  
a t  t h e  S t .  Paul  sampling s i t e .  The average sediment concent ra t ion  based on t he  
c ro s s  s e c t i o n  samples ranged from 150 ppm t o  11,200 ppm. The r a t i o  of t h e  average 
concent ra t ion  i n  t he  r i v e r  t o  t he  concent ra t ion  a t  t h e  i n t ake  ranged from 0.97 t o  
1 .67  (Table 3 ) .  During t h e  summer of 1959 the  Nebraska S t a t e  Highway Department 
dumped f i l l  a long  t h e  r i g h t  bank of t he  r i v e r  t o  p r o t e c t  t he  b r idge  abutment. The 
f i l l  caused t h e  main flow of t he  r i v e r  t o  move away from t h e  r i g h t  bank and from 
t h e  sample i n t a k e .  The d e f l e c t i o n  of t h e  r i v e r  flow increased  t h e  c r o s s  s e c t i o n  
r a t i o .  Also,  low water  d i scharge  dur ing  t h e  I961 ope ra t i ona l  per iod  f u r t h e r  i n -  
creased t h e  c r o s s  s e c t i o n  r a t i o .  

TABLE 3 

CROSS SECTION SAMPLES NORTH LQUP RIVER NEAR ST. PAUL NEBR, 

17.  I n t ake  t e s t s  a t  S t .  Paul  s i t e - -Near ly  simultaneous samples were c o l l e c t -  
ed from t h e  s p l i t t e r  d i scharge  and from the  r i v e r  a t  t h e  sampler i n t a k e  a t  t he  
S t .  Paul sampling s i t e .  Samples a t  t h e  sampler i n t a k e  were taken a s  explained i n  
t h e  preceding s e c t i o n .  The r e l a t i o n s h i p  of t h e  concent ra t ion  of t h e  pumped sample 
taken a t  t h e  s p l i t t e r  t o  t h a t  of t h e  r i v e r  a t  t h e  i n t a k e  ( i n t a k e  e f f i c i e n c y )  was 
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determined p e r i o d i c a l l y .  The f l a t  p l a t e  i n t ake ,  elbow i n t a k e ,  and n i p p l e  i n t akes  
shown i n  P i g .  5 were t e s t e d .  

The average v e l o c i t y  of t h e  r i v e r  a t  t h e  i n t a k e  i s  about 1 . 4  f p s .  The velo-  
c i t y  of t h e  sample pumped through the  i n t a k e  opening i s  about 4 .5  f p s .  So t h e  
v e l o c i t y  r a t i o  i s  about 3 t o  I .  The suspended-sediment d i scharge  i n  t he  North 
Loup River  p a s t  t he  gaging s t a t i o n  i s  descr ibed  i n  Sec t ion  13.  

The r e s u l t s  of t h e  f l a t  p l a t e  i n t ake  t e s t s  a t  S t .  Paul  a r e  shuwn i n  F i g .  13  
and i n  Appendix A ,  Table  10.  Concentrat ions shown a r e  averages of two o r  more 
b o t t l e  samples and those  taken j u s t  ou t s ide  t he  sampler i n t a k e  ranged from 146 
ppm t o  20,900 ppm. Equal concent ra t ions  a t  t h e  s p l i t t e r  and a t  t h e  sampler i n t ake  
a r e  shown by t he  45' diagonal  l i n e .  The i n t a k e  ef  f ic i -ency ( s p l i t t e r  concent ra t ion /  
i n t a k e  concent ra t ion)  ranged from 0.94 t o  I . . L l .  

The r e s u l t s  of t h e  modif ied i n t a k e  t e s t s  a t  S t .  Paul a r e  shown i n  F ig .  14 and 
15  and Appendix A ,  Tables L l  and 12.  The modified i n t akes  could no t  be t e s t e d  i n  
h igh  sediment concent ra t ions  because t h e  i n t a k e  s t r u c t u r e  i s  no t  s u f f i c i e n t l y  
a c c e s s i b l e  f o r  changing i n t akes  dur ing  per iods  of h igh  flow. The i n t a k e  e f f i c i e n c y  
ranged from 0.94 t o  1.11. 

1 8 ,  I n t ake  t e s t s  a t  Dunning s i te--A po r t ab l e  pumping s y s t m  was operated a t  
t he  tu rbulence  flume on t h e  Middle Loup River a t  Dunning, Nebr., t o  t e s t  d i f f e r e n t  
types of i n t akes  i n  flow c a r r y i n g  sediments coa r se r  than t h a t  a t  t h e  S t .  Paul  s i k e .  
The turbulence  flume i s  a  s t r u c t u r e  f o r  inducing turbulence  s u f f i c i e n t  t o  suspend 
t he  t o t a l  sediment load of a  s t ream,  [ 2 ] .  A 2x12 i n .  planlc l O  f t  long was mounted 
on t h e  b r idge  p i l i n g  t o  form a  guide w a l l ,  The end of t h e  guide wa l l  extended 
downstream from t h e  p i l i n g  and t h e  i n t ake  was mounted d i r e c t l y  above t h e  measuring 
si.11. The suc t i on  l i n e  t o  t h e  pump was a l - i n .  p l a s t i c  p ipe  50 f t  long.  Flow 
was c o n t r o l l e d  by a  manual pinch va lve  on t h e  d i scharge  p o r t  of t h e  pump. The 
t o t a l  depth of water  a t  t h e  i n t a k e  was 1 .2  f t  and t h e  i n t a k e  was l oca t ed  0 .5  f t  
above t h e  measuring s i l l ,  The average v e l o c i t y  s f  t he  r i v e r  a t  t h e  i n t a k e  was 

4..92 f p s .  S i z e  ana lyses  of t h e  suspended-sediment d i scharge  pass ing  over  t he  
measuring s i l l  of t he  turbuLence flume a t  t he  sampler i n t a k e  show t h a t  t he  median 
p a r t i c l e  s i z e  i s  about 190 microns (P ig .  I l - C ) .  

Resu l t s  of t he  Dunning i n t a k e  t e s t s  a r e  shown i n  Table 4 .  The i n t akes  t e s t e d  

were t h e  same a s  those t e s t e d  a t  t h e  S t .  Paul i n s t a l l a t i o n  w i th  t h e  a d d i t i o n  of 
112 - in ,  and 2 - in .  f l a t  p l a t e  I n t a k e s .  When the  r a t i o  of i n t a k e  v e l o c i t y  t o  stream 
v e l o c i t y  was g r e a t e r  than 0.60,  t he  1 - i n .  f l a t  p l a t e  i n t a k e  had an i n t a k e  e f f i -  
c iency (sample c o n c e n t r a t i o n / r i v e r  concent ra t ion  a t  sampler i n t ake )  of around 
0 .80;  bu t  t he  i n t ake  e f f i c i e n c y  dropped sharp ly  when the  .ve loc i ty  r a t i o  f e l l  below 
0 .60 .  The - i n .  f l a t  p l a t e  intalce maintained a hi.& in t ake  e f f i c i e n c y  f o r  lower 
v e l o c i  ty r a t i o s  . 

1 9 .  g-valutat ion of i n t a e  t - e s t s - - Idea l l y  the pumping sampler wotaLd sample a s  
a c c u r a t e l y  a s  a  po in t  i n t e g r a t i n g  sampler [ 4 ] .  Because t h i s  accuracy cannot be 

ob ta ined  f o r  many cond i t i ons ,  an at tempt  was made t o  develop an  i n t a k e  system tliae 
trould c o l l e c t  a po in t  sample having a  concent ra t ion  r e l a t e d  t o  t h a t  i n  t h e  s t ream, 
A correct lor!  f a c t o r  can be d.etermined. t o  ad.just t he  sample concen t r a t i on .  



Section 19 31 

Cencewtrgltisw of sediment  a t  s p l i t t e r  - ppm 

PIG. 13 - mSmTS QP FIAT PLATE IXTAICE TESTS AT ST,  PAUE 
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L POINTED UP POINTED UP STREAM POINTED DOWN 

Concentrot ion of  sediment s t  splitter - p p m  

FIG. 14 RESULTS OF ELBOW INTAKE TESTS AT ST.  PAUL 

SHORT NIPPLE LON6 NIPPLE LONG NIPPLE WITH PLATE 

Concentrat ion of  sediment ~t s p l i t t e r  - ppm 

P I G .  15 -- RESULTS OF NIPPLE INTAKE TESTS AT ST. PAUL 
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TABLE 4 

INTAKE TESTS AT DUNNING, NEBR. 
[Samples c o l l e c t e d  6/5/59] 

1 I n t a k e  

1" F l a t  p l a t e  

2" F l a t  p l a t e  

1 /2"  F l a t  p l a t e  

1" x 2" Nipple 

1" x 9" Nipple 

1" E l .  po in ted  
Downstream 

1" E l .  pointed 
Upstream 

1" E l .  po in ted  

UP 

Time In t ake  
Veloc i ty  

( f p s )  

I Ra t io  
Pumped 
Sample 
Conc . 
( P P ~ )  

River 
Sample 
Conc . 

( P P ~ )  (2) 

(1) I n t ake  v e l o c i t y  d iv ided  by 4.92 (average v e l o c i t y  of r i v e r  a t  sampler 

(2) A t  sampler i n t a k e .  

(3)  Concentrat ion i n  pumped sample d iv ided  by concent ra t ion  i n  r i v e r  sample. 
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An i n t a k e  s t r u c t u r e  t h a t  w i l l  wi ths tand  t he  dynamic fo r ce s  of t he  stream and 
an i n t a k e  opening t h a t  w i l l  g ive  t rouble-  f  r e e  opera t i o n  were considered more i m -  
p o r t a n t  than optimum in t ake  e f f i c i e n c y .  From the  s tandpoin t  of dependable oper- 
a t i o n  t h e  i n t ake  s t r u c t u r e  (F ig .  4)  and t he  f l a t  p l a t e  i n t ake  (F ig .  5) were s a t i s -  
f a c t o r y  a t  t he  S t .  Paul  t e s t  s i t e .  

The f i r s t  of two s e r i e s  of l abo ra to ry  i n v e s t i g a t i o n s  on f l a t  p l a t e  i n t akes  
was made a t  t he  Univers i ty  of Iowa of 1940-41. [ 3 ]  The t e s t s  were made on a  
v e r t i c a l  f l a t  p l a t e  s e t  p a r a l l e l  t o  t h e  flow. When a  water-sediment suspension 
en t e r s  a  f l a t  p l a t e  i n t a k e  t he  momentum of t he  sediment r e s i s t s  t he  r i gh t - ang l e  
change of d i r e c t i o n  of flow, and some of t he  sediment s epa ra t e s  from the  flow 
t h a t  e n t e r s  t he  i n t ake .  For sediments w i th  mean s i z e s  of 150 and 450 microns t he  
Iowa t e s t s  showed t h a t  t h e  concen t r a t i on  of sediment i n  t he  samples c o l l e c t e d  
through the  f l a t  p l a t e  i n t a k e  was much l e s s  than t h a t  i n  t h e  flume flow. Because 
coarse  p a r t i c l e s  have a  g r e a t e r  r e s i s t a n c e  t o  change of d i r e c t i o n  than f i n e  
p a r t i c l e s  have, t he  d i f f e r e n c e  i n  concent ra t ion  i n  sample and flume was g r e a t e r  
f o r  t h e  coa r se r  sediment.  

The second s e r i e s  of l abo ra to ry  t e s t s  on t he  f l a t  p l a t e  i n t ake  was made by 
B .  C. Colby a t  Colorado S t a t e  Univers i ty  i n  1959. The t e s t s  were conducted i n  a  
flume 2  f t  wide and t he  flow was 1 f t  deep w i t h  a  v e l o c i t y  of 8 . 5  f p s .  Suspended 
sediment of 550 microns s i z e  was c i r c u l a t e d  i n  concent ra t ion  of about 1,000 ppm. 
Tes t s  were made on 112-in.  and 114-in.  f l a t  p l a t e  i n t akes  and a  112-in.  b racke t  
i n t a k e  which was obtained by p l ac ing  a  h o r i z o n t a l  she l f  2 i n .  wide and 6 i n .  long  
j u s t  under t he  112-in.  f l a t  p l a t e  i n t a k e  opening. The i n t akes  were much too l a r g e  
f o r  dependable t e s t i n g  i n  t he  flume. Also,  t h e  concent ra t ion  of sediment i n  t h e  
flume could no t  be determined a c c u r a t e l y  f o r  t h e  immediate a r ea  from which t he  
sample was taken.  The r e s u l t s  of t he  Colorado t e s t s  (Shown i n  F ig .  16) i n d i c a t e  
l e s s  sediment concent ra t ion  i n  t he  sample than i n  t h e  flume flow. The a d d i t i o n  of 
t he  h o r i z o n t a l  she l f  s l i g h t l y  reduced t he  sampling e r r o r .  The 550-micron sediment 
and h igh  flume v e l b c i t y  would r ep re sen t  extreme f i e l d  condi t ions  so  t h a t  sampling 
e r r o r s  were probably unusua l ly  h igh .  The t e s t s  f u r t h e r  i nd i ca t ed  t h a t  t he  sam- 
pling e r r o r  tends t o  become cons tan t  a t  h igher  v e l o c i t y  r a t i o s .  

The f l a t  p l a t e  i n t a k e  and t he  modified i n t akes  (F ig .  5) were f i e l d  t e s t e d  a t  
t he  S t .  Paul  and Dunning s i t e s .  The S t .  Paul  t e s t s  showed t h a t ,  f o r  a  low-veloci ty 
stream wi th  suspended sediment i n  t h e  f i n e  sand s i z e s  and smal le r  (Fig.  11-A,B), 
t he  i n t a k e  e f f i c i e n c y  ( r a t i o  of pumped sample concent ra t ion  t o  r i v e r  concent ra t ion  
a t  i n t a k e  was very nea r ly  u n i t y  (F ig .  13 ) .  Also,  t h e  t e s t s  i nd i ca t ed  t h a t  t he  
sampling e f f i c i e n c y  of t he  f l a t  p l a t e  i n t a k e  was a s  good a s  t h a t  of t he  modified 
i n t akes  (F ig .  14 and 1 5 ) .  The Dunning t e s t s  showed t h a t ,  f o r  a  h igh-ve loc i ty  
stream wi th  suspended sediment c o n s i s t i n g  of coarse  sands (F ig .  1 1 - C ,  t h e  i n t a k e  
e f f i c i e n c y  i s  cons iderab ly  l e s s  than one (Table 4 ) .  

Although f i e l d  and l abo ra to ry  i n t a k e  t e s t s  were not  ex tens ive  enough t o  
j u s t i f y  f i n a l  conc lus ions ,  i t  seems t h a t  an i n t a k e  e f f i c i e n c y  above 80 percent  
could be ob ta ined  f o r  most r i v e r  cond i t i ons .  A t  most sampler s i t e s  a  few check 
samples w i l l  e s t a b l i s h  a  c o r r e c t i o n  f a c t o r  f o r  i n t a k e  e f f i c i e n c y .  Because t he  
f l a t  p l a t e  i n t a k e  i s  l e s s  l i k e l y  t o  ca t ch  r i v e r  d e b r i s ,  i t  i s  recommended f o r  
s i t e s  where t he  i n t ake  co r r ec t i on  f a c t o r  i s  n e i t h e r  extremely l a r g e  nor h igh ly  
v a r i a b l e .  
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R a t i o  . I n t a k e  V e l o c i t y  
F lume Velocity 

FLUME V E L O C I T Y  8 . 5  F T  PER S E C ;  5 5 0  MICRON SEDIMENT 

FIG, 16 RESULTS OF COLORADO INTAKE TESTS 

20, S p l i t t e r  t iming t e s t s - -Three  t e s t s  were made i n  which a  s e r i e s  of 7 t o  
1 3  ind iv idua l  samples were c o l l e c t e d  a t  t h e  s p l i t t e r  discharge t o  determine t h e  
l eng th  of time requi red  f o r  t h e  pump t o  ob t a in  a  r ep re sen ta t i ve  sample from t h e  
r i v e r .  The f i r s t  sample i n  each of t he  t h r e e  t e s t s  was co l l ec t ed  5 seconds a f t e r  
t he  pump s t a r t e d .  Addit ional  samples were c o l l e c t e d  a t  10 t o  30 second i n t e r v a l s  
dur ing  a  per iod  of about 2-1/2 minutes. The r e s u l t s  of these  t e s t s  a r e  shown i n  
Table 5.  I n  each of t h e  t e s t s  t h e  sediment concent ra t ion  i n  the  s p l i t t e r  d i s -  
charge became cons tan t  about  30 seconds a f t e r  t h e  s i l t  pump s t a r t e d .  As a  r e s u l t  
of t h e s e  t e s t s  t he  pumping c o n t r o l s  a r e  s e t  so  t h a t  t he  s p l i t t e r  remains i n  t he  

presampling o r  was te  p o s i t i o n  from 40 t o  50 seconds. The uniform sediment concen- 
t r a t i o n  i n  t he  s p l i t t e r  d i scharge  i s  an i nd i ca t ion  t h a t  none of t he  sediment i s  
depos i t i ng  i n  t h e  i n t ake  and pumping system dur ing  t h e  pumping cyc l e .  
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TABLE 5 

SPLITTER TIMING TESTS 

T e s t s  t o  de te rmine  t ime  f o r  
c o n c e n t r a t i o n  i n  pumped sample 
t o  become un i fo rm.  Time d e l a y  
i s  from t ime pump s t a r t e d  t o  
t ime c o l l e c t i o n  of sample s t a r t e d .  
Sampling t ime  a b o u t  5 s e c s  p e r  
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I V .  OPERATIONAL RECORD OF INTAKE AND PUMPING SYSTEM 

21. P e r i o d  of opera t ion- -The  pumping sampler was o p e r a t e d  from September t o  
November, 1957, and f o r  s e v e r a l  of  t h e  warmer months each y e a r  from 1958 t o  1961. 
The system was s h u t  down d u r i n g  t h e  w i n t e r  because of -the 500 m i l e  t r a v e l  d i s t a n c e  
t o  t h e  s t a t i o n  and t h e  expense of keep ing  t h e  i n t a k e  f r e e  of i c e .  

22.  The o p e r a t i o n a l  record--The o p e r a t i o n a l  r e c o r d  of t h e  pumping sampler  
i n c l u d i n g  t h e  p e r i o d s  and c a u s e s  of o p e r a t i o n a l  f a i l u r e s  i s  shown i n  F i g .  1 7 .  The 
f i r s t  p e r i o d  of o p e r a t i o n  i n  1957 (September 2--November 20, 1957) was f o r  check ing  
t h e  g e n e r a l  o p e r a t i o n  of t h e  system.  There  were two o p e r a t i o n a l  f a i l u r e s  d u r i n g  
t h i s  p e r i o d .  The f i r s t  f a i l u r e  was caused by a  mal func t ion  of t h e  w a t e r  l e v e l  
c o n t r o l  i n  t h e  s e d i m e n t a t i o n  t a n k .  An e a r l y  w i n t e r  f r e e z e  and h e a t e r  f a i l u r e  caused 
t h e  second o p e r a t i o n a l  f a i l u r e .  

During t h e  1958 season  ( A p r i l  30--October 8 ,  1958) t h e  sampler o p e r a t e d  123  
days  of t h e  162 day p e r i o d  f o r  a  76 p e r c e n t  r e c o r d .  There were s i x  o p e r a t i o n a l  
f a i l u r e s  d u r i n g  t h i s  p e r i o d .  Three of t h e  f a i l u r e s  were  due t o  f i s h  t h a t  e n t e r e d  
t h e  i n t a k e  p i p e .  The f i s h  e i t h e r  caught  i n  t h e  check v a l v e  and s topped  t h e  f low 
t o  t h e  pump, o r  e n t e r e d  t h e  pump and damaged t h e  i m p e l l e r .  The o t h e r  t h r e e  
f a i l u r e s  were  caused by t h e  s h i f t i n g  of t h e  r i v e r  bed which covered t h e  i n t a k e  
w i t h  sed iment .  

During t h e  1959 season  ( A p r i l  28--October 26,  1959) t h e  i n t e r m i t t e n t  pumping 
sampler  was i n  o p e r a t i o n  o n l y  77 days  of t h e  182 day p e r i o d  f o r  a  42 p e r c e n t  
r e c o r d .  There  were  seven o p e r a t i o n a l  f a i l u r e s  d u r i n g  t h i s  p e r i o d .  The f i r s t  
f a i l u r e  was caused by a  f i s h  t h a t  e n t e r e d  t h e  i n t a k e .  F i v e  f a i l u r e s  were  caused  
by s i l t  t h a t  covered t h e  i n t a k e  and one f a i l u r e  was caused by a  m a l f u n c t i o n  of 
t h e  pump r e l a y .  

During t h e  1960 season  (May 18--November 1 )  t h e  sampler  o p e r a t e d  136 days  of 
t h e  168 day p e r i o d  f o r  a  81  p e r c e n t  r e c o r d .  There were  e i g h t  o p e r a t i o n a l  f a i l u r e s .  
Four  f a i l u r e s  were  caused by mal func t ion  of t h e  i n i t i a l  f low i n d i c a t o r ,  and f o u r  
f a i l u r e s  were  caused by s i l t  t h a t  covered t h e  i n t a k e .  

During t h e  1961 season  ( A p r i l  14--October 3) t h e  sampler o p e r a t e d  106 days  of 
t h e  173 day p e r i o d  f o r  a  61 p e r c e n t  r e c o r d .  There were 11 o p e r a t i o n a l  f a i l u r e s .  
Two f a i l u r e s  were  caused by s i l t  t h a t  covered t h e  i n t a k e .  Two f a i l u r e s  were  caused 

by blown f u s e s .  S i x  f a i l u r e s  were  due t o  p lugg ing  of t h e  t h r o t t l i n g  v a l v e .  The 
sampler  was s h u t  down f o r  one p e r i o d  t o  r e p a i r  t h e  volume r e c o r d i n g  sample r .  

23.  E v a l u a t i o n  of o p e r a t i o n a l  record--The o r i g i n a l  des ign  of t h e  pumping 
system was modi f i ed  s l i g h t l y  between t h e  1957 and 1958 o p e r a t i n g  s e a s o n s .  The 

tendency of t h e  o r i g i n a l  f l o a t  c o n t r o l  t o  s t i c k  and p reven t  t h e  complet ion of t h e  
s p l i t t e r  c y c l e  was c o r r e c t e d .  

O r i g i n a l l y  t h e  pump o p e r a t e d  w i t h o u t  s u f f i c i e n t  wa te r  when t h e  i n t a k e  was 
o b s t r u c t e d .  A number of pump i m p e l l e r s  were  r u i n e d  and t h e  pump s h a f t  was damaged 
s o  t h a t  t h e  pump had t o  be  r e p a i r e d .  On J u l y  23,  1958 a  p r o t e c t i o n  s w i t c h  was 
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i n s t a l l e d  on t h e  s p l i t t e r  c o n t r o l  of t h e  accumulative-weight recorder .  This 
swi tch  shut  o f f  t h e  pumping system whenever t he  i n t a k e  became plugged, o r  t h e  
s t ream f e l l  below t h e  i n t ake ,  o r  t h e  pump f a i l e d  t o  d i scharge  f o r  any o the r  reason .  
The a d d i t i o n  of t he  p r o t e c t i o n  switch prevented any f u r t h e r  pump damage, even 
though t h e  sampler s t a t i o n  was v i s i t e d  on ly  every 2 o r  3 weeks. During t h e  remain- 
d e r  o f  t h e  1958 ope ra t i ng  season t h e  p r o t e c t i o n  switch shut  o f f  t he  pumping system 
3 t imes .  Each shutdown j u s t  preceded a  s e r v i c i n g  pe r iod ,  and t h e  l eng th  of t h e  
shutdown was u sua l l y  s h o r t .  However, dur ing  t he  1959 season of opera t ion  most 
shutdowns occurred soon a f t e r  s e r v i c i n g  v i s i t s  t o  t h e  s t a t i o n  and shutdown per iods  
were longer .  During most of t h e  1959 season water  d i scharge  was l o w .  The low- 
water  d i scharge  p a s t  t h e  i n t a k e  s t r u c t u r e  allowed s i l t  and sand t o  cover t he  
i n t a k e  opening s eve ra l  t imes.  

A flow i n d i c a t o r  and 12-hour p r o t e c t i o n  system descr ibed  i n  Sec t ions  3 and 8 ,  
were designed i n  an at tempt  t o  sho r t en  t h e  shutdown pe r iods .  Four types of flow 
i n d i c a t o r s  were t r i e d .  The o r i g i n a l  flow i n d i c a t o r  was i n s t a l l e d  a t  t h e  beginning 
of t h e  1960 ope ra t i ng  pe r iod .  It depended upon t h e  conduct iv i ty  of an  e l e c t r i c a l  
c i r c u i t  when water  was flowing through t h e  pump. However, f i n e  sediment coated 
t h e  e l e c t r o d e s  between i n spec t i on  t r i p s  so  t h a t  t h e  12-hour p ro t ec t i on  system some- 
times d i scont inued  r o u t i n e  sampling even though t h e  i n t a k e  was c l e a r .  On J u l y  14,  
1960 t h e  e l ec t rode  flow i n d i c a t o r  was rep laced  by a  mechanically opera ted  swi tch  
i n  t h e  wa te r - l eve l  con t ro l  of t h e  accumulative-weight record ing  sampler.  The 
f l o a t - s w i t c h  flow i n d i c a t o r  worked very  we l l  bu t  i t  could no t  be used on t h e  t imer 
c o n t r o l l e d  s p l i t t e r  arm of t h e  volume record ing  sampler and of t he  b o t t l i n g  sampler 
A vacuum-switch flow i n d i c a t o r  mounted on t h e  i n t a k e  p o r t  of t h e  pump was t e s t e d .  
The vacuum swi tch  ac tua t ed  t h e  12-hour p r o t e c t i o n  system whenever t he  l e v e l  of t h e  
r i v e r  f e l l  below the  i n t a k e  opening, bu t  when t h e  i n t a k e  became plugged, t he  
vacuum swi tch  d i d  n o t  a c t u a t e  t h e  12-hour p ro t ec t i on  system even though t h e  pump 
l o s t  i t s  prime. The weight -ac tua ted  flow i n d i c a t o r  (Sec t ion  8) has been used 
s i n c e  t h e  beginning of t h e  1961 ope ra t i ng  per iod  and i t  has worked very  w e l l .  

On September 4 ,  1959 t h e  pump r e l a y  f a i l e d .  The o r i g i n a l  pump r e l a y  was used 
near  load  capac i t y .  Continual ope ra t i on  near  load capac i t y  o r  occasional  overload-  
i n g  damaged t h e  r e l a y  con t ac t s  and caused t h e  r e l a y  t o  s t i c k  i n  t he  c losed  p o s i t i o n .  
I n s t a l l a t i o n  of a  h igher  capac i t y  r e l a y  co r r ec t ed  t h i s  d i f f i c u l t y .  

There were t h r e e  pumping system f a i l u r e s  of t h e  volume record ing  sampler dur- 
i n g  t h e  1961 ope ra t i on  per iod .  The l a r g e  d i scharge  of t h e  1 - i n .  pumping system 
used a t  t h e  S t .  Paul  s i t e  caused water  t o  sp l a sh  over t h e  top of t he  s p l i t t e r  box 
and over t h e  top of t h e  sedimentat ion t ubes .  The sp lashed  water  shor ted  out  t h e  
e l e c t r i c a l  system and stopped opera t ion .  Twice s h o r t s  blew fuses  and once they  
ru ined  a  l i m i t  switch and damaged t h e  d r i v e  gear  of t h e  volume record ing  u n i t .  

The flow was t h r o t t l e d  down by p a r t l y  c l o s i n g  a  s e c t i o n  of t h e  p ipe  from t h e  
pump t o  t h e  s p l i t t e r  w i th  a  clamp. S ix  per iods  of pumping system shutdown occurred 
a t  t imes of h igh  sediment concent ra t ion  when clogging of t h e  c o n s t r i c t e d  s e c t i o n  
ac tua t ed  t h e  12-hour p r o t e c t i o n  system. The d i f f i c u l t y  was cured by us ing  a  
smal le r  pump and 314-in. pumping system, which e l imina ted  t he  need f o r  t he  
t h r o t t l i n g  device  and a l s o  e l imina ted  t h i s  source of t r o u b l e .  
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Operat ional  f a i l u r e s  have been caused by f i s h  i n  t he  i n t ake .  A number of de- 
v ices  t o  keep f i s h  from en te r ing  t h e  i n t ake  were considered.  An e l e c t r i c  f i s h  r e -  
p e l l i n g  device t o  mount on t h e  i n t ake  guide wal l  was designed by t h e  U, S. F i s h  and 
Wi ld l i f e  Serv ice .  However, t h i s  was not  used because of p o s s i b l e  hazards.  An in-  
take guard of coarse  w i r e  screen was t r i e d  but  i t  soon became clogged wi th  g ra s s  
and s t raw.  Then t h e  p l a s t i c  p ipe  was clamped about 5 f t  from t h e  r i v e r  i n t ake  
t o  form a  s l i t  3 /8- in .  wide. This was l a t e r  rep laced  by t h e  f i s h  t r a p  descr ibed  i n  
Sect ion 5. The t r a p  has succes s fu l ly  prevented f i s h  from harming t h e  pumping 
system. 

The pumping system has f a i l e d  s eve ra l  t imes i n  t h e  p a s t  b u t  i n  each ca se  
t h e  cause of f a i l u r e  has been e l imina ted .  Although t h e  12-hour p ro t ec t ion  system 
has reduced t h e  shutdown per iods ,  s i l t  covering t h e  i n t a k e  i s  s t i l l  t h e  major cause 
of opera t iona l  f a i l u r e .  

Three i n t akes  were mounted i n  t he  f a c e  of t h e  guide wa l l  so  t h e  i n t ake  eLe- 
v a t i o p  could be changed a s  t h e  r i v e r  bed s h i f t e d .  The in t ake  can be e a s i l y  a d j u s t -  
ed t o  t h e  des i r ed  e l eva t ion  a t  t h e  time t& s t a t i o n  i s  inspec ted  but  t he  i n t a k e  can 
become obs t ruc ted  by s i l t  between inspec t ion  t r i p s .  I n  a  deep r i v e r  t h e  intalce can 
be placed f a r  enough above t h e  r i v e r  bed t o  a s s u r e  continuous opera t ion ,  bu t  t h e  
use  of t he  present  type of i n t a k e  s t r u c t u r e  i n  a  shallow s h i f t i n g  r i v e r  r equ i r e s  
frequent  i n spec t ion  t o  prevent  opera t iona l  f a i l u r e .  
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V .  ACCUMULATIVE-WEIGHT RECORDING SYSTEM 

24 .  Basic weight recording system--The accumulative-weight record ing  system 
shown i n  F i g s .  1 and 18, records  t h e  weight  of t h e  sediment accumulated dur ing  a 
sampling per iod .  The sediment s e t t l e s  on a weighing pan suspended near  t he  bottom 
of t h e  sedimentat ion tank.  A load measuring device i s  placed between t h e  h o i s t  and 
weighing pan and t h e  accumulated load i s  recorded by a l i n e  graph recorder .  The 
cyc le  of opera t ion  i s  explained i n  d e t a i l  i n  Sec t ion  53 of Appendix B .  

25. Sedimentation tank--The sedimentat ion tank i s  shown i n  F i g .  18. The tank  
i s  4  f t  8 i n .  square and 6  f t  deep. The wa l l  i s  water-proofed concre te  block and 
t h e  f l o o r  i s  concre te .  A f l o o r  d r a i n  and va lve  provide f o r  emptying t h e  tank.  

The sample from t h e  s p l i t t e r  e n t e r s  t h e  tank through a d i f f u s e r  t h a t  he lps  
reduce t h e  d i s tu rb ing  e f f e c t  of t h e  en t e r ing  sample. 

Clear  water  from t h e  top of t h e  sedimentat ion tank e n t e r s  t h e  solenoid pinch 
va lve  through an i n l e t  pan. The water  e n t e r s  t h e  pan through a s e r i e s  of t e n  1 - i n .  
ho les .  This  l a r g e  hole  a r ea  reduces t h e  v e l o c i t y  of t h e  f l u sh ing  water  t h a t  flows 
between t h e  sedimentat ion tank and t h e  pan and prevents  water  from being drawn from 
t h e  lower l e v e l s  of t h e  tank.  

Four shee t  metal b a f f l e s  d i r e c t  t h e  suspended sediment i n t o  t h e  weighing pan. 
(See F i g .  18) The b a f f l e s  a r e  connected a t  t h e  edges t o  form an open bottom box 
3  f t  square  and 3  f t  deep. The b a f f l e s  conta in  a s e r i e s  of small openings j u s t  
below t h e  water  su r f ace  t o  reduce c i r c u l a t i o n  under t h e  b a f f l e s  when water  i s  
en t e r ing  o r  leav ing  t h e  sedimentat ion tank.  

2 6 .  Weighing pan--The aluminum weighing pan, shown i n  F ig .  18 and 19, i s  4 
f t  square and 3 f t  deep. An I-beam and cha in  c r a d l e  suspends t he  weighing pan from 
t h e  h o i s t .  Rol le r  guides mounted on t h e  s i d e s  of t h e  sedimentat ion tank reduce 
f r i c t i o n  between t h e  weighing pan and tank.  The h o i s t  i s  hung on an I-beam t r o l l e y  

so  t h a t  t h e  weighing pan can be moved ou t s ide  t h e  s h e l t e r .  One s i d e  of t h e  weighing 

pan i s  hinged a t  t he  top s o  t h a t  i t  can be  opened t o  dump the  sediment. 

2 7 .  Tests  of concent ra t ion  i n  f l u s h i n g  water--When t h e  pumped sample e n t e r s  
t h e  sedimentat ion tank  of t h e  accumulative-weight record ing  system some of t h e  f i n e  
sediment i s  r a i s e d  toward t h e  water  su r f ace  by water  c i r c u l a t i o n .  This f i n e  s ed i -  
ment does not  s e t t l e  below t h e  e l eva t ion  of t h e  i n l e t  ho les  i n  t h e  f lushing-water  
i n l e t  pan (about 10  i n .  below t h e  water  su r f ace )  dur ing  t h e  2 5  minutes between 
pumping cyc l e s .  Pe r iod i c  samples of t h e  f lushing-water  d i scharge  were c o l l e c t e d  t o  
determine t h e  amount of suspended sediment l o s t  from t h e  sedimentat ion tank .  The 
r e s u l t s  of t h e  a n a l y s i s  of t he se  samples a r e  shown i n  Table 6 .  I n  t h e  11 t e s t s  t h e  
sediment concent ra t ion  i n  t h e  f l u sh ing  water  ranged from 11 t o  36 percent  of t h a t  
i n  t h e  r i v e r  a t  t h e  sampler i n t ake .  An average of 2 3  percent  of t h e  sediment ob- 
ta ined  i n  t h e  pumped sample was l o s t  w i th  t h e  f l u sh ing  water .  The add i t i on  of a 
f l o c c u l a t i n g  agent  would decrease  t h e  s e t t l i G g  time of t h e s e  f i n e  sediments and 
reduce t h e  sediment concent ra t ion  i n  t h e  f l u s h i n g  water .  
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FIG. 18- SEDIMEMTATLON TANK AND P I T  DETAILS 
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FIG. 19B 

FIG. 

FIG. 19 - WEIGHING PAN 
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TABLE 6 

TESTS OF SEDIMENT CONCENTRATION I N  FLUSHING WATER 

28. Crane scale--The crane scale ,  shown i n  Fig .  20, i s  an  e l e c t r i c a l  load 
pick-up device. It contains a load sens i t ive  column t o  which a r e  bonded four wire 
s t r a i n  gages. These gages form an e l e c t r i c a l  balanced-resistance bridge. The 
load s e n s i t i v e  member and s t r a i n  gages a r e  enclosed i n  a tubular  s h e l l .  The s h e l l  
and load sens i t ive  member a r e  screwed and pinned t o  an eye a t  one end and a swivel 
hook a t  the  other.  A four  wire  cable connects t h e  crane sca le  t o  the  recorder. 

The c i r c u i t  diagram of the  crane sca le  is  shown i n  Fig .  21. When a load is 
l i f t e d ,  the  s t r a i n  changes the  res is tance  i n  the  s t r a i n  gages and unbalances the  
bridge.  The recorder supplies a f ixed voltage t o  the  crane s c a l e  bridge and the  
output voltage i s  proportional  t o  the bridge unbalance and a l s o  t o  the  load. 

The load capacity of the  crane sca le  i s  2,500 pounds wi th  a maximum def lec t ion 
of 1/16 of an inch. 

Average loss  2 3 

Date 

8/26/58 
do 
do 

9/17/58 
do 

6/3/59 
6/7/59 
6/23/59 
6/24/59 
1018159 

do 

29. Recorder--The s t r ip -char t  recorder, shown i n  Fig .  22, cons i s t s  bas ica l ly  
of an automatic null-balancing measuring c i r c u i t  with i t s  power supply, a pointer  
indicator ,  and a recording pen. 

Percent 
Loss 

35 
34 
3 6 

17 
2 0 

17 
30 
11 
17 
2 0 
12 

Time 

11:25 am 
1:25 pm 
2:25 pm 

1:00 pm 
1:30 pm 

2:05 pm 
2:10 pm 
2:40 pm 

1 1 : l O  am 
9:15 am 
4:45 pm 

Intake Samples Flushing Samples 

No. 

3 
3 
3 

3 
3 

2 
2 
2 
2 
2 
2 

No. 

6 
3 
3 

3 
3 

2 
2 
2 
2 
2 
2 

Avg. Conc. 

( P P ~  

221 
224 
222 

364 
366 

204 
178 

1,180 
418 

1,340 
808 

4vg. Conc. 

( P P ~ )  

78 
7 7 
80 

63 
72 

34 
54 

128 
66 

265 
9 8 
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FIG. 22  S T R I P - C H A R T  RECORDER 

The c i r c u i t  diagram of t h e  recorder  i s  shown i n  F ig .  21. The power supply 
energizes t h e  i n t e r n a l  recording  br idge  a s  we l l  a s  t h e  crane  s c a l e  br idge .  The 
output vo l t ages  from t h e  two br idges  a r e  compared i n  t h e  recorder .  The d i f f e rence  
between t h e  two output  vol tages  i s  amplif ied and used t o  d r i v e  a  balancing motor 
which i n  t u r n  d r ives  a  s l i d e  wi re  contac t  arm i n  t h e  d i r e c t i o n  t h a t  reduces t h e  
d i f f e rence  t o  zero.  The s l i dewi re  c o n s t i t u t e s  one l e g  of t h e  instrument br idge  
measuring c i r c u i t ,  and consequently the  br idge  output  vo l t age  i s  propor t ional  t o  
t he  s l i dewi re  contac t  pos i t i on .  The po in t e r  i n d i c a t o r  and recording pen a r e  me- 
chanica l ly  l inked t o  the  s l i dewi re  and t h e  s t r i p  cha r t  i s  graduated s o  t h a t  t he  
ind ica to r  and pen show t h e  load on t h e  crane  s c a l e .  

30.  Computation of sediment concentration--The concent ra t ion  of suspended 
sediment i n  t he  pumped sample i s  equal t o  

where- 
C i s  t h e  average concentrat ion of suspended sediment '(ppm) f o r  a  given per iod  

of time. 
45 i s  t he  dry weight of t h e  suspended sediment ( l b s )  f o r  t h e  time per iod .  
P i s  t h e  t o t a l  weight ( l b s )  of t he  pumped sample f o r  t h e  time per iod .  
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Because the  weighing pan i s  suspended i n  water the  submerged, o r  wet weight, of t h e  
sediment i s  recorded. I f  WW i s  the submerged weight of the  sediment, the  dry weight 
of the  sediment is- 

For any given period of time the  submerged weight of the  sediment is  the  d i f ference  
between the  recorder readings a t  the  beginning and end of the  measuring period. 
Subst i tu t ing the submerged weight of the  sediment i n  equation 1- 

The sample volume is  control led  by l imi t  switches on the  water l eve l  control .  
The average cross  sect ional  area  of the  sedimentation tank between high and law 
water e levat ions  was determined t o  be 21.79 sq f t .  Periodic measurements of the  
high and low water elevations were made and the  average di f ference  was 0.174 f t .  
Therefore the  average volume of the  pumped sample is  21.79 x 0.174 o r  3.79 cu f t .  
The weight of the  pumped sample per cycle  i s  3.79 x 62.3 o r  236 lbs .  The assump- 
t i o n  of 62.4 l b  per cu f t  i s  adequate over the  range of temperature and doncentra- 
t i o n  contemplated. I f  N is  the  number of pumping cycles during t h e  measuring 
period, t h e  t o t a l  weight of t h e  pumped sample w i l l  be- 

The present  in te rmi t t en t  pumping sampler has two pumping cycles per hour. By 
subs t i tu t ing  236N f o r  P i n  equation 3 the  average concentrat ion of the  suspended 
sediment i n  the  pumped sample f o r  a given period of time becomes- 

31. Operation of crane s c a l e  and recorder system--The crane s c a l e  and record- 
e r  system was f i e l d  t e s t ed  from October 23, 1957 through the  remainder of the  1957 
operating season, and through a l l  of the  1958 operating season. 

The load capacity of t h e  crane sca le  is 2,500 lbs .  Because the  subnerged 
weight s f  t h e  weighing pan and suspension cradle  is 325 lbs  the  system w i l l  webggh 
a sediment accumulation up t o  about 2,150 lbs .  

The recorder char t ,  Fig.  23, is  a 120-ft s t r i p  char t  12 i n .  wide which has an  
11-in. ca:librated s c a l e  of 0-100. Therefore each l i n e  on the  char t  represents one 
percent of t h e  2,500 l b  t o t a l  load o r  25 lbs .  The char t  can be read t o  the  neareat  
f i v e  lbs .  The char t  speed i s  314 i n .  per hoar. 
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FIG. 2 3 -  RECORDER CHART 
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The f i r s t  period of storm runoff during sampler operation was on J u l y  9, 1958. 
The recorder t r a c e  of p a r t  of t h i s  day is shown i n  Fig.  23. Four-hour-average 
sediment concentrations were computed from the  recorder t r a c e  and from samples col-  
lec ted  a t  the  in take  during the day. These r e s u l t s  a r e  shown i n  Table 7. The 
accumulative-weight recorder e f f i c i ency  i s  expressed a s  the  r a t i o  of sample concen- 
t r a t i o n  determined from the  recorder char t  t o  concentration i n  t h e  r i v e r  a t  the  
intake.  The 32 percent d i f ference  between the  average concentrat ion i n  the  r i v e r  
and t h a t  from t h e  recorder f o r  t h e  day agrees reasonably wel l  wi th  the  f lushing 
water t e s t s ,  Section 27. Because t h e  sediment discharge f o r  the  storm period con- 
s i s t e d  mostly of material  f i n e r  than usual ,  the  sediment l o s t  i n  the  f lushing 
water would be g rea te r  than usual .  

TABLE 7 

ACCUMULATIVE-WELGHT BCORDER EFFICIENCY 
July 9, 1958 

A s  the  recorder t r a c e  i s  readable only t o  t h e  neares t  5 l b s ,  the  a c t u a l  weight 
may be i n  e r r o r  by 2-1/2 lbs .  This represents  a four-hour-average concentrat ion of 
2,120 ppm and a da i ly  average concentrat ion of 354 ppm. 

32. Spring-transf o m e r  scale--A more s e n s i t i v e  weighing system, t h e  spring- 
transformer s c a l e  shown i n  Fig.  24, was designed t o  replace  the  crane s c a l e  so tha t  
concentrations could be measured more accurate ly  and f o r  shor te r  periods of time. 
'She s c a l e  i s  s e n s i t i v e  t o  the  nea res t  one pound. The u n i t  contains a c o i l  exten- 
sion load spr ing,  l inear ly-var iable  d i f f e r e n t i a l  transformer, and a transformer 
core stepping device. The load spr ing has  a 1,400 l b  capacity and i t  def lec t s  
about 114 i n .  per 100 l b s .  The d i f f e r e n t i a l  transformer measures the  de f l ec t ion  
of the  load spr ing i n  114-in., o r  about 100-lb, increments. The measuring incre- 
ments a r e  control led  by the  transformer core stepping system sham i n  Fig .  25. 

Recorder 
Efficiency 

(percent) 

86 
74 
65 

Clock 
Time 

12 am 
4 am 
8 am 

12 m 

Wet w t .  
Sediment 
added 

( lbs)  

10 
20 
15  

Recorder 
Trace 

Reading 

(lbs)  

41 0 
42 0 
440 
455 

Concentration 
from 

Recorder 

(PW) 

8,510 
17,000 
12,800 

Avg. Conc. 
from River 
Samples 

( P P ~ )  

9,940 
22,900 
19,800 
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When an  accumulat ive load bu i ld s  up on t he  spr ing-  t ransformer  s c a l e ,  t h e  t r a n s -  
former housing and p i n  guide move downward toward t h e  base  p l a t e .  The t ransformer 
c o r e  leaves  t h e  c e n t e r  o r  zero p o s i t i o n  and approaches t h e  top of t h e  t ransformer .  
Af t e r  t he  t ransformer  housing and p i n  guide have t r a v e l e d  1 / 4  i n .  (equiva len t  t o  a  
load of LOO l b s )  t h e  p i n  guide c l e a r s  t h e  top p in  and t he  p i n  moves t o  i t s  ou t e r  
p o s i t i o n .  The s t e p  rod drops 114 i n .  t o  t h e  next  lower p i n  and t h e  t ransformer  
core  drops back t o  t h e  zero p o s i t i o n .  This opera t ion  cont inues  f o r  t h e  12 remain- 
i n g  p i n s .  Because t h e  recorder  i n d i c a t o r  and pen drop back t o  t h e  zero r ead ing  
a f t e r  each 100 l b s  of accumulat ive load ing ,  t h e  t o t a l  load on t h e  sp r ing - t r ans -  
former s c a l e  i s  t h e  read ing  on t h e  r eco rde r  p lus  100 times t h e  number of p in s  
t r i p p e d  i n  t h e  t ransformer  core  s tepping  system. 

The c i r c u i t  diagram of t h e  spring-transformer s c a l e  i s  shown i n  F i g .  26. The 
l i n e a r l y - v a r i a b l e  d i f f e r e n t i a l  t ransformer i s  an  electromechanical  t ransducer  which 
produces an  e l e c t r i c a l  ou tput  p ropo r t i ona l  t o  t h e  displacement of a  movable co re .  
The t ransformer c o n s i s t s  of c o i l s  a x i a l l y  spaced on a  c y l i n d r i c a l  c o i l  form and a  
rod-shaped magnetic core  which provides a  p r e f e r r ed  pa th  f o r  t h e  magnetic f l u x  
between t h e  c o i l s .  

When t h e  pr imary,  o r  c e n t e r  c o i l ,  i s  energized w i th  a l t e r n a t i n g  c u r r e n t ,  v o l t -  
ages a r e  induced i n  t h e  secondary, o r  ou t e r  c o i l s .  The secondary c o i l s  a r e  con- 

nec ted  i n  s e r i e s  oppos i t i on ,  so t h a t  t h e  two vo l t ages  i n  t h e  secondary c i r c u i t  
a r e  oppos i t e  i n  phase.  The n e t  output  of t he  t ransformer i s  t h e  d i f f e r e n c e  of 
t h e s e  vo l t ages .  When t h e  core  i s  i n  t h e  cen t e r  p o s i t i o n ,  t h e  ou tput  v o l t a g e  i s  
zero .  A s  t h e  c o r e  i s  d isp laced  from the  cen t e r  p o s i t i o n  t h e  t ransformer  produces 
a  d i f f e r e n t i a l  v o l t a g e  t h a t  v a r i e s  l i n e a r l y  w i th  t h e  co re  displacement .  Only t he  
upper h a l f  of t h e  co re  movement i s  used i n  t h e  spr ing- t ransformer  s c a l e .  

Or ig ina l l y  t h e  weight record  v a r i e d  w i th  temperature.  A s e r i e s  of t e s t s  
showed t h a t  t h e  c o i l  r e s i s t a n c e  i n  t he  d i f f e r e n t i a l  t ransformer increased  w i th  an  
i nc r ea se  of a i r  temperature.  The temperature e f f e c t  was e l imina ted  by adding t o  
t h e  d i f f e r e n t i a l  t ransformer c i r c u i t  a  thermis tor  w i t h  a  nega t i ve  temperature 
c o e f f i c i e n t .  

Two sh i e lded  2-wire cab l e s  connect t he  spr ing- t ransformer  s c a l e  t o  t h e  record-  
e r .  The r eco rde r  supp l i e s  a  f i x e d  v o l t a g e  t o  t h e  d i f f e r e n t i a l  t ransformer  and t he  
ou tput  vo l t age  i s  f ed  back t o  t h e  recorder  through a  p a r t i a l  b r i dge  c i r c u i t .  This 
c i r c u i t  c u t s  down t h e  ou tput  v o l t a g e  and changes phase t o  match t h e  recorder  
b r idge .  Movement of t h e  t ransformer  core  unbalances t h e  ou tput  vo l t ages  between 
t h e  d i f f e r e n t i a l  t ransformer  and recorder  br idge .  The d i f f e r e n c e  between t h e  two 
output  vo l t ages  i s  amp l i f i ed  and used t o  d r i v e  t h e  ba lanc ing  motor which i n  t u r n  
d r i v e s  t h e  s l i d e w i r e  arm i n  t h e  d i r e c t i o n  t h a t  reduces t h e  d i f f e r e n c e  t o  zero .  

33. Operat ion of t h e  spr ing- t ransformer  scale--The spr ing- t ransformer  s c a l e  
was f i e l d  t e s t e d  dur ing  t h e  1959 and I960 opesatFng seasons .  Because of low water  
d i scharge  and ope ra t i ona l  f a i l u r e s  of t h e  pumping sampler dur ing  t h e  1959 oper- 
a t i o n a l  per iod ,  t h e  f i e l d  t e s t  was r e s t r i c t e d  t o  a  s h o r t  per iod  of t ime and l i g h t  
sediment load ing .  During p a r t  of t h e  ope ra t i ng  per iod  t h e  r eco rde r  t r a c e  was very  
uns t ab l e .  A f t e r  t h e  r eco rde r  was brought back t o  t h e  l abo ra to ry  a t  t h e  end of t he  
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ope ra t i on  per iod  a  f a u l t y  w i r e  connect ion was found i n  t he  recorder  i n p u t  c i r c u i t .  
V ib ra t i on  of t he  r eco rde r  dur ing  per iods  of pump ope ra t i on  caused i n t e r m i t t e n t  
b reak ing  of e l e c t r i c a l  con t ac t  a t  t he  f a u l t y  connect ion.  

Dai ly  a i r  temperature f l u c t u a t i o n s  i n  t h e  sampler s h e l t e r  caused corresponding 
f l u c t u a t i o n s  i n  t he  r eco rde r  read ings .  The recorder  i nd i ca t ed  a  sma l l e r  load 
dur ing  t h e  a f te rnoon maximum a i r  temperature.  Between t h e  1959 and 1960 ope ra t i ng  
pe r iods  t he  thermis tor  descr ibed  i n  Sec t ion  32 was added. 

Low-water d i scharge  and low sediment concent ra t ions  dur ing  t h e  1960 ope ra t i ng  
season r e s t r i c t e d  t h e  f i e l d  t e s t i n g  of t he  modified spr ing- t ransformer  s c a l e  t o  a  
l i g h t  load ing .  Large d a i l y  a i r  temperature f l u c t u a t i o n s  permi t ted  t e s t i n g  of t h e  
temperature compensating c i r c u i t .  During t h e  f i r s t  p a r t  of t he  ope ra t i on  per iod  
s e v e r a l  pe r iod i c  r e s e t t i n g s  of t h e  s e n s i t i v i t y  and co r r ec t i on  ad jus tments  were 
r equ i r ed  t o  ob t a in  t h e  c o r r e c t  s e t t i n g  f o r  var ious  temperature f l u c t u a t i o n s  . 
F i n a l l y ,  a  s e t t i n g  was ob ta ined  t h a t  c u t  t h e  v a r i a t i o n  of t h e  r eco rde r  t r a c e  down 
t o  one u n i t .  
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V I .  VOLUME RECORDING SYSTEM 

34. B a s i c  volume r e c o r d i n g  system--The volume r e c o r d i n g  system (F ig .  27) 
c o n s i s t s  of a  16 mrn movie camera,  a  b o t t l e  r a c k  c o n t a i n i n g  72 p i n t  m i l k  b o t t l e s ,  
and a  wheel  t h a t  c a r r i e s  12 s e d i m e n t a t i o n  t u b e s .  

When t h e  system i s  i n  o p e r a t i o n ,  a  sample i s  pumped i n t o  one of t h e  sedimen- 
t a t i o n  t u b e s  each h a l f  h o u r .  About 5-112 hours  l a t e r  t h e  camera t a k e s  a  p i c t u r e  o f  
t h e  sed iment  accumula t ion  i n  t h e  c o n s t r i c t e d  s e c t i o n  of t h e  t u b e  and a l s o  of t h e  
h e i g h t  o f  w a t e r  i n  t h e  t u b e .  The t u b e  t h e n  d r a i n s  i n  p r e p a r a t i o n  f o r  f i l l i n g  a g a i n  
s i x  h o u r s  a f t e r  t h e  p r e v i o u s  sample was t a k e n  i n  t h a t  same t u b e .  Because t h e  v o l -  
ume o f  each  s e d i m e n t a t i o n  t u b e  h a s  been c a l i b r a t e d  a g a i n s t  h e i g h t  of f i l l i n g ,  t h e  
p i c t u r e s  can b e  used  t o  o b t a i n  volume c o n c e n t r a t i o n  f o r  each sample.  The r e l a t i o n  
of volume c o n c e n t r a t i o n  and we igh t  c o n c e n t r a t i o n  h a s  been de te rmined  f o r  v a r i o u s  
s i z e  r a n g e s  o f  t h e  sediment  encoun te red  a t  t h e  S t .  P a u l  t e s t i n g  s i t e .  Thus eve ry  
h7:f hour  t h e  we igh t  c o n c e n t r a t i o n  from t h e  t u b e s  can b e  determined i n d i r e c t l y .  

A s p l i t t e r  mounted on t o p  of one o f  t h e  12 s e d i m e n t a t i o n  t u b e s  d i v e r t s  p a r t  
of t h e  sample i n t o  one o f  t h e  m i l k  b o t t l e s  eve ry  6 h o u r s .  The sediment  i n  t h e  
b o t t l e  sample  may b e  ana lyzed  l a t e r  a s  a  check on t h e  c o n c e n t r a t i o n  of sediment  
from t h e  p i c t u r e s .  The c y c l e  of o p e r a t i o n  i s  e x p l a i n e d  i n  d e t a i l  i n  S e c t i o n  54 
of Appendix B. 

35.  Sed imenta t ion  t u b e s  and wheel--The s e d i m e n t a t i o n  t u b e s  a r e  shown i n  F i g s .  
2 7  and 28. The t u b e s  a r e  made from s t a n d a r d  g l a s s  t u b i n g  and have a  c o n s t r i c t e d  
s e c t i o n  a t  t h e  bot tom.  The tube  c o n s t r i c t i o n s  a r e  of t h r e e  s i z e s ,  (112 i n . ,  9 /16  
i n . ,  and 314 i n .  i n s i d e  d i a m e t e r )  t o  p r o v i d e  a  r ange  i n  s e n s i t i v i t y  and sediment  
c a p a c i t y  f o r  d i f f e r e n t  sampl ing c o n d i t i o n s .  I f  d e s i r e d ,  2 o r  3 d i f f e r e n t  t u b e  
s i z e s  may b e  used  on one wheel t o  g e t  a  b e t t e r  d e f i n i t i o n  of t h e  extremes of 
sediment c o n c e n t r a t i o n .  

The s e d i m e n t a t i o n  t u b e  wheel i s  made of aluminum. The two suppor t  p l a t e s  a r e  
30 i n .  i n  d i a m e t e r  and a r e  spaced 1 0  i n .  a p a r t .  A 1 . 9  rpm g e a r  motor d r i v e s  b o t h  
t h e  t u b e  wheel  and b o t t l e  r a c k ,  A l i m i t  s w i t c h  and twe lve  a d j u s t a b l e  arms mounted 
a t  t h e  edge of t h e  lower s u p p o r t  p l a t e  c o n t r o l  t h e  movement of t h e  t u b e  whee l .  

F i g .  29 shows t h e  s e d i m e n t a t i o n  t u b e  s t o p p e r  and dumping mechanism. A t u b e  
s t o p p e r  arm f a c e d  w i t h  a  r u b b e r  pad i s  mounted below each of t h e  12 s e d i m e n t a t i o n  
t u b e s .  A permanent magnet mounted on each s t o p p e r  arm s u p p o r t  h o l d s  t h e  s t o p p e r  
pads f i r m l y  a g a i n s t  t h e  s e d i m e n t a t i o n  t u b e .  A t  t h e  t ime a  t u b e  i s  t o  be  d r a i n e d  
i t s  s t o p p e r  arm i s  over  t h e  dumping s o l e n o i d  arm. When t h e  r o t a r y  s o l e n o i d  i s  
a c t u a t e d ,  t h e  upper  l e g  of t h e  s o l e n o i d  arm knocks t h e  s t o p p o r  arm away from t h e  

magnet and t h e  lower l e g  of t h e  s o l e n o i d  arm f o r c e s  t h e  push rod upward, which 
moves t h e  s t o p p e r  arm and s t o p p e r  pad away from t h e  s e d i m e n t a t i o n  t u b e .  A f t e r  

t h e  t u b e  h a s  d r a i n e d ,  t h e  r o t a r y  s o l e n o i d  i s  r e l e a s e d  and t h e  s t o p p e r  arm drops  

back t o  i t s  c l o s e d  p o s i t i o n ,  where i t  i s  a g a i n  h e l d  s e c u r e l y  by t h e  magnet.  
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36. Camera--The 16 mm movie camera 

a  determinat ion of t h e  d i s k  e l eva t ion  f o r  FIG. 2 8  SEDlMEN TAT1 ON TUBE 
a 2,000 g sample and t h e  sample weight 

photographs t h e  c o n s t r i c t e d  s ec t ion  of 
the  sedimentat ion tube 5-112 hours a f t e r  
the sample i s  pumped i n t o  t h e  tube .  An 
enlarged view of t h i s  p i c t u r e  i s  shown 
i n  F ig .  27D. The he ight  of sediment and 
of water  i n  t h e  tube i s  measured wi th  a  
s tandard l e v e l  rod s c a l e ,  which can be 
read t o  t h e  n e a r e s t  hundredth of a  foo t .  
The water  l e v e l  i n  t he  tube i s  i nd i ca t ed  
by a  d i s k  connected t o  a  f l o a t  a t  t h e  top  
of t h e  sedimentat ion tube.  

The camera i s  so lenoid  ac tua t ed  t o  
expose one frame a t  a  time. Each com- 
p l e t e  winding of t h e  camera sp r ing  w i l l  
provide f o r  shoot ing  40 f t  of f i lm  which 
i s  enough t o  l a s t  18  days a t  t h e  30 minute 
cycle frequency.  Two 50 w a t t  incandescent  
bulbs i l l u m i n a t e  t h e  sedimentat ion tube.  

37. B o t t l e  rack--The b o t t l e  r ack  i s  
shown i n  F i g .  27. Each time a sample i s  
pumped i n t o  tube number one t h e  sample 
s p l i t t e r  d i v e r t s  a  p a r t  of t h e  sample 
i n t o  a  funnel  t h a t  discharges through a 
b o t t l e  f eede r  tube i n t o  one of 72 p i n t  
milk b o t t l e s  on t h e  b o t t l e  rack .  The 
b o t t l e s  a r e  a r ranged  on t h e  b o t t l e  r ack  
i n  an inward s p i r a l  of 24 b o t t l e s  t o  each 
revolu t ion .  The b o t t l e s  r ack  progresses  
one b o t t l e  wid th  (1124 rev . )  f o r  each 
revolu t ion  of t h e  sedimentat ion wheel. A 
d i f f e r e n t i a l  pu l l ey  arrangement moves t h e  
b o t t l e  feeder  tube inward a  d i s t ance  of 
one b o t t l e  wid th  f o r  each r evo lu t ion  of 
the  b o t t l e  rack .  The b o t t l e  rack  r e -  
volves t h r e e  times t o  f i l l  t h e  72 b o t t l e s .  
The 72 b o t t l e s  provide an 18  day capac i ty  
a t  t h e  30 minute sampling frequency. 

38. Determination of sediment 
concentration--Each of t h e  12 sedimentat ion approximately 112,  

tubes was c a l i b r a t e d  t o  determine t h e  9 / 1 6 ,  and 314 inch I.D. 

r e l a t i o n  of column height  (or  volume) 
t o  sediment weight f o r  t he  sediments en- 
countered a t  t h e  S t .  Paul  s t a t i o n .  Also 
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increments f o r  each 0.01 f t  change i n  column he igh t  was made f o r  each tube.  The 
r e s u l t s  of t h i s  tube c a l i b r a t i o n  a r e  shown i n  Table  8 .  

The sediment concent ra t ion  i n  a  tube may be determined a s  fol lows : 

Data from F ig .  27D ( f i l m  record)  
Tube number 8  
Eleva t ion  of accumulated sediment 0.235 f t  
E leva t ion  of water  l e v e l  d i s k  0.32 f t  

Data from Table 8  ( tube  c a l i b r a t i o n  c h a r t )  
Weight of sediment (The e l eva t i on  of t h e  accumulated sediment,  0.235 f t ,  i s  

between 0.200 S t  f o r  29 g and 0.265 f o r  34 g . )  
29 4- (.035/.065) x 5  r 32 g 

Height of 2,000 g  sample 0.50 f t  
Change i n  weight  of sample 27.8 g/0 -01 f t  
Weight of sample (The e l eva t i on  of t he  water  l e v e l  d i s k  i s  below 0.50 f t  s o  

t he  sample weight i s  g r e a t e r  than 2,008 g.)  
2$000 f 27.8 x (50-32) = 2,500 g  

Concentrat ion of sample = 32/2,500 x 106 a 12,800 ppm 

39. Operat ion of volume record ing  sampler--The volume record ing  sampler was 
operated from September 2, 1960 through t h e  remainder of t h e  1960 opera t ing  season,  
and through a l l  of t h e  1961 ope ra t i ng  season.  

The o r i g i n a l  tube  s topper  and dumping mechanism cons i s t ed  of a rubber s topper  
pad mounted i n  a  p l a s t i c  c y l i n d e r .  A sp r ing  loaded s topper  arm supported t he  p l a s -  
t i c  cy l i nde r  and he ld  t he  s topper  pad f i rmly  a g a i n s t  t h e  sedimentat ion tube .  The 
tubes were dra ined  when t h e  s topper  arm moved under a  dumping cam which forced  t h e  
cy l i nde r ,  and s topper  pad downward about 118 i n .  With t h e  118-in.  dumping c l e a r -  
ance,  t h e r e  was no sudden rush  of water  from t h e  tubes and no sp l a sh ing  over  t he  
top of t h e  p l a s t i c  cy l i nde r  but  sometimes compacted sediment prevented dra inage  
of t he  small diameter  t ubes .  Also small  p i ece s  of s t raw o r  small  twigs occasion- 
a l l y  lodged between t h e  s topper  pad and sedimentat ion tube  prevent ing  complete 
c lo su re  of t he  s t o p p e r  pad. The tube s topper  and dumping mechanism descr ibed  i n  
Sec t ion  35 were i n s t a l l e d  between t he  1960 and 1961 ope ra t i ng  seasons ,  I n i t i a l  
opera t ing  d i f f i c u l t i e s  dur ing  t h e  1961 season were co r r ec t ed  by adding l a r g e r  push 
rods and making minor adjustments .  

During t h e  1960 ope ra t i ng  season t h e  water  sample l e v e l  of t h e  volume record-  
i k g  sampler was photographed d i r e c t l y .  'Ewo mi r ro r s  were used t o  p r o j e c t  t h e  water  
l e v e l  image from t h e  top of t he  tube t o  t h e  camera. One h a l f  of t h e  p i c t u r e  showed 
t h e  sediment l e v e l  i n  t h e  c o n s t r i c t e d  s e c t i o n  of t h e  tube  and t h e  o t h e r  ha l f  of t h e  
p i c t u r e  shared t h e  water  l e v e l  near  t he  top of t h e  tube .  The photographs were hard 
t o  read because t h e  view of t h e  upper s e c t i o n  of t h e  tube was d i s t o r t e d  and t h e  
view of t h e  lower s e c t i o n  of t h e  tube was smal l .  The a d d i t i o n  of a  water  l e v e l  
f l o a t  and i n d i c a t o r  d i s k  a t  each tube  permi t ted  t h e  camera t o  be c l o s e r  t o  t h e  
tube .  The r e s u l t i n g  photographs, such a s  F i g .  27D, a r e  much e a s i e r  t o  read .  
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The t h r e e  ope ra t iona l  f a i l u r e s  of t h e  volume record ing  sampler during t h e  1961 
opera t ing  season were descr ibed  i n  Sect ion 23. Twice water  sp lash ing  on t h e  pho- 
tography i l l umina t ion  l i g h t  caused s h o r t  c i r c u i t s  and burned out  t h e  con t ro l  
c i r c u i t  fuse .  The l i g h t  was rewired i n t o  a  s epa ra t e  fu se  c i r c u i t  s o  t h a t  t h e  
sampler would cont inue  t o  opera te  i f  t h e  l i g h t  shor ted  ou t .  The d r i v e  gear  of t h e  
sedimentat ion tube  wheel was damaged when splashed water  shor ted  out  t h e  wheel. 
motor l i m i t  swi tch  and allowed t h e  wheel motor t o  ope ra t e  continuously.  The wheel 
con t ro l  c i r c u i t  was rewired s o  t h a t  t h e  wheel motor can ope ra t e  only when t h e  
116-rpm t iming motor ope ra t e s .  Thus t h e  wheel motor cannot opera te  long enough 
t o  damage t h e  d r i v e  gears  even i f  t h e  sedimentat ion tube  wheel becomes obs t ruc ted  
between in spec t ion  t r i p s .  The c i r c u i t  modi f ica t ions  w i l l  prevent  opera t iona l  
f a i l u r e s  of t h e  volume record ing  sampler i f  water  sp l a sh ing  occurs .  A smal le r  
pump i s  now used i n  t h e  sampler and water  i s  l e s s  l i k e l y  t o  sp l a sh  on t h e  pho- 
tography i l l umina t ion  l i g h t  and wheel motor l i m i t  switch.  

The r i v e r  d i scharge  was low dur ing  t h e  ope ra t ing  per iod  and t h e r e  were few 
oppor tun i t i e s  t o  t e s t  t h e  volume record ing  sampler i n  h igh  suspended-sediment d i s -  
charges.  The sampler was i n  opera t ion  during one per iod  of storm runoff ,  5131- 
6/2/63.. The computed da ta  from t h e  recorder  f o r  t h i s  per iod  of storm runoff  i s  
shown i n  Table 9 .  

During t h e  storm runoff  t h e  suspended sediment cons i s t ed  mainly of s i l t  and 
c l a y  s o  t h a t  p a r t  of t h e  sediment d i d  not  s e t t l e  dur ing  t h e  a l l o t t e d  time of 5-112 
hours .  I n  t h e  f i r s t  samples t h e  concent ra t ion  of u n s e t t l e d  sediment was g r e a t  
enough t o  mask out  t h e  water-sediment i n t e r f a c e  i n  t h e  sedimentat ion tube  s o  t h a t  
concent ra t ions  i n  t h e  tubes could not  be  computed. I n  t h e  l a t e r  samples t h e  concen- 
t r a t i o n  of t h e  u n s e t t l e d  sediment dropped s u f f i c i e n t l y  t o  permit reading  of t h e  
water-sediment i n t e r f a c e ,  bu t  t h e  computed tube concent ra t ions  requi red  co r r ec t ions  
t o  al low f o r  t h e  u n s e t t l e d  sediment. Addit ion of a  f l o c c u l a t i n g  agent  would de- 
c r ea se  the  s e t t l i n g  time of f i n e  sediments and prevent  masking out  of t h e  water-  
sedLment i n t e r f a c e  i n  t he  tube p i c t u r e s ,  bu t  it would a l s o  change t h e  weight-height  
r e l a t i o n s h i p  of t h e  tube c a l i b r a t i o n s .  

The c a l i b r a t i o n  of t h e  sedimentation tubes ,  Table 8, was based mainly on sedi -  
ments i n  t he  sand s i z e s .  Because most of t h e  suspended sediment i n  t h e  storm run- 
o f f  cons i s t ed  of s i l t  and c l ay ,  co r r ec t ions  i n  t h e  concent ra t ion  computed from t h e  
c a l i b r a t i o n  were r equ i r ed  t o  a l low f o r  t h e  change i n  t h e  weight-height  r e l a t i o n s h i p  
i n  t he  tubes .  The concent ra t ions  of t h e  b o t t l e  r ack  samples were used t o  c o r r e c t  
t h e  tube concent ra t ions  t h a t  were computed from Table 8. Resul t s  of ana lyses  of 
b o t t l e  rack  samples a r e  shown i n  Table 13, Appendix A .  



TABLE 9 

VOLUME RECORDER RECORD 
May 31 t o  June 2, 1961 

Intake  

Concentration (ppm) 

I 
Bo t t l e  Tube 

I 
Computed Corrected 

- - 
- - 

18,400 
16,500 

- - 
11,400 
9,500 
7,820 
9,810 
7,140 
7,610 
8,740 

PO, 000 

Concentration (ppm) 

Bot t l e  Tube 

Comput ed ( Corrected 
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V I I  . INDIVIDUAL-SAMPLE BOTTLING SYSTEM 

40. Basic b o t t l i n g  system--The individual-sample b o t t l i n g  system, shown i n  
Fig.  30, c o n s i s t s  of a  b o t t l e  rack  car ry ing  145 p i n t  milk b o t t l e s .  When t h e  system 
i s  i n  opera t ion  a  sample i s  pumped i n t o  one of t h e  p i n t  b o t t l e s  every 12 hours 
during low r i v e r  s t ages  and every hour during h igh  r i v e r  s t a g e s .  The samples a r e  
s en t  t o  t he  l abo ra to ry  f o r  a n a l y s i s .  

The present  b o t t l i n g  sampler opera tes  on a  110 V.A.C.  p a re r  supply.  It could 
be adapted t o  b a t t e r y  power. The cyc l e  of opera t ion  i s  explained i n  d e t a i l  i n  
Sect ion 55 of Appendix B.  

41. B o t t l e  rack--The b o t t l e  rack f o r  t h e  b o t t l i n g  sampler i s  s i m i l a r  t o  t h a t  
fo r  t h e  volume record ing  system. The main d i f f e r e n c e  i s  t h a t  t h e  b o t t l e  rack  f o r  
t he  b o t t l i n g  sampler conta ins  two t i e r s  s o  t h a t  i t s  capac i ty  i s  145 b o t t l e s .  The 
sample from t h e  s p l i t t e r  i s  fed i n t o  t h e  b o t t l e s  through a  b o t t l e  feeder  tube .  The 
b o t t l e s  a r e  arranged on each of t h e  two t i e r s  i n  inward s p i r a l s .  The b o t t l e  rows 
of t h e  bottom t i e r  a r e  pos i t ioned  midway between t h e  b o t t l e  rows of t h e  top t i e r .  
Copper tubes a r e  mounted i n  t h e  top t i e r  t o  d i r e c t  t he  flow from t h e  b o t t l e  feeder  
tube t o  t h e  b o t t l e s  of t h e  lower t i e r .  The b o t t l e  rack  makes 48 s tops  pe r  revo- 
l u t i o n .  A d i f f e r e n t i a l  pu l l ey  arrangement moves t h e  b o t t l e  feeder  tube inward a  
d i s t ance  of one b o t t l e  width f o r  each revolu t ion  of t h e  b o t t l e  rack .  Three revo- 
l u t i o n s  of t h e  b o t t l e  r ack  a r e  requi red  f o r  f i l l i n g  t h e  145 b o t t l e s .  

The b o t t l e  r ack  i s  d r iven  by a 25 l b  weight.  A w i r e  cab l e  connects t h e  weight 
t o  a  d r i v e  pu l l ey .  The weight  drops w i th in  a  4  i n ,  p ipe  which i s  f i l l e d  w i th  wa te r .  
The o u t s i d e  diameter of t h e  weight i s  1/16 i n .  l e s s  than t h e  i n s i d e  diameter of t h e  

pipe.  The c learance  between t h e  weight and p ipe  i s  small  enough t o  prevent r ap id  
a c c e l e r a t i o n  of t h e  b o t t l e  r ack .  

For ty-e ight  s top  p ins  a r e  mounted along the  ou te r  edge of the  b o t t l e  rack  
oppos i te  each row of b o t t l e s  and copper feed tubes.  A solenoid operated s top  
mechanism checks t he  movement of t he  b o t t l e  rack  (See F ig .  31) .  This b o t t l e  rack  
s top  mechanism was designed by Dewey Weibley, an observer  f o r  t he  Quali ty of Water 
Branch of t he  Geological Survey i n  Harr isburg,  Pa. A t  t h e  end of each sampling 
per iod  the  r o t a r y  so lenoid  a c t u a t e s  t h e  rocker  arm which r a i s e s  s top  rod "A" and 
lowers s top  rod "B" long enough f o r  s top  p in  "1" (opposi te  b o t t l e  j u s t  f i l l e d )  t o  
pass under s top  rod "A" and f o r  the  wheel t o  r o t a t e  u n t i l  s t op  p i n  "2" s t r i k e s  s top  
rod "B". The solenoid i s  then deac t iva ted  and the  s top  rods move back t o  t h e i r  
normal p o s i t i o n .  The wheel r o t a t e s  u n t i l  i t  i s  stopped when the  next  p in  ("3") 
s t r i k e s  s top  rod "A". This p laces  t he  next  b o t t l e  o r  copper feed tube under t he  
b o t t l e  feed tube.  

42. Operation of t h e  b o t t l i n g  sampler--The b o t t l i n g  sampler was b u i l t  and 
labora tory  t e s t e d  dur ing  t h e  sp r ing  and summer of 1961. The sampler was not  f i e l d  
t e s t e d  a t  t he  S t .  Pau l ,  Nebr., t e s t i n g  s t a t i o n  because most of t he  components of 
t he  sampler had a l ready  been t e s t e d  t he re .  
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V I I I .  INSTALLATION AND COST 

43. In t ake  and shel ter--The i n s t a l l a t i o n  of t h e  i n t ake  s t r u c t u r e  w i l l  vary 
f o r  each pumping sampler s i t e  depending upon t h e  a n t i c i p a t e d  stream flow, v a r i a t i o n  
of water  depth,  and type of stream bank. A long guide wal l  s i m i l a r  t o  t h a t  used a t  
t h e  S t .  Paul  s i t e ,  F ig .  4, i s  recommended f o r  s t reams conta in ing  coa r se  sediment. 

Each type of pumping sampler r equ i r e s  a  d i f f e r e n t  s h e l t e r .  A minimum recom- 
mended s h e l t e r  s i z e  f o r  each of t h e  t h r e e  pumping samples i s  given i n  Sec t ions  44- 
46. 

Because t h e  i n t ake  and s h e l t e r  requirements a r e  d i f f e r e n t  fo r  each pumping 
sampler i n s t a l l a t i o n  t h e  inter-agency p r o j e c t  w i l l  not a t tempt  t o  supply i n t a k e  and 
s h e l t e r  p a r t s .  Usually t h e  s h e l t e r ,  i n t a k e  s t r u c t u r e ,  and lead  i n  p ipes  w i l l  be 
provided by t h e  f i e l d  o f f i c e  i n s t a l l i n g  t h e  pumping sampler.  The ma te r i a l s  f o r  
t h e  i n t a k e  s t r u c t u r e  a t  t he  S t .  Paul s i t e  c o s t  about $20 and t h e  i n t a k e  was i n -  
s t a l l e d  by two men i n  about four  hours .  

44. Accumulative-weight recording sampler--The accumulative-weight record ing  
sampler i s  b e s t  s u i t e d  t o  opera t ion  on l a r g e  r i v e r s  w i th  high suspended-sediment 
concent ra t ion ;  i t  does not  record r ap id  changes i n  concent ra t ion .  For maximum 
s e n s i t i v i t y  t he  suspended sediment should be mostly i n  t he  sand and coarse  s i l t  
s i z e s .  The r i v e r  should have high banks t o  permit  dra inage  of t he  was te  water  and 
sedimentat ion tank.  

The accumulative-weight recording sampler r equ i r e s  a  s h e l t e r  s i m i l a r  t o  t h a t  
descr ibed  i n  Sec t ion  14. The s h e l t e r  should be a t  l e a s t  8 by 10 f t  and 12 f t  h igh ,  
A 110 V.A.C.  e l e c t r i c  s e r v i c e  w i th  a  60 ampere capac i ty  i s  requi red .  

The requirements of a  l a r g e  s h e l t e r  and a sedimentat ion tank make the  accu- 
mulative-weight recording sampler t h e  l e a s t  e a s i l y  moved of t h e  3 pumping samplers.  
The pump, pinch va lves ,  s p l i t t e r ,  weighing pan, b a f f l e s ,  weighing device ,  r eco rde r ,  
and poss ib ly  t h e  s h e l t e r  could be moved from s i t e  t o  s i t e  bu t  t he  sedimentat ion 
tank would have t o  be r e b u i l t  a t  each new s i t e .  

The c o s t  of t he  accumulative-weight record ing  sampler excluding in t ake ,  
s h e l t e r  and sedimentat ion tank  i s  about $2,500. The cos t  of cons t ruc t ing  t h e  
s h e l t e r  and sedimentat ion tank a t  t h e  S t .  Paul  s i t e  was $1,000. 

45. Volume record ing  sampler--The volume record ing  sampler w i l l  record moder- 
a t e  t o  sudden changes i n  sediment concent ra t ion ,  s o  t h a t  i t  can be used on streams 
t h a t  a r e  too  f l a shy  f o r  t h e  accumulative-weight record ing  sampler.  For  maximum 
s e n s i t i v i t y  t h e  suspended sediment should be mostly i n  t h e  coarse  s i l t  and sand 
s i z e s .  The range of suspended-sediment concent ra t ion  and s i z e  a n t i c i p a t e d  a t  a  
s i t e  determines t h e  diameters  of t h e  c o n s t r i c t e d  s e c t i o n s  of t h e  sedimentat ion 
tubes t h a t  should be used. 
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The recommended s h e l t e r  s i z e  f o r  t he  volume record ing  sampler i s  8 by 10 f t  
and 9 f t  h igh .  A l l  of t h e  equipment i s  l oca t ed  on o r  above t h e  f l o o r  l e v e l  of t he  
s h e l t e r  s o  t h a t  no p i t  o r  basement i s  r equ i r ed .  The i n s t a l l a t i o n  can be moved from 

s i t e  t o  s i t e  e a s i l y  i f  t h e  s h e l t e r  i s  a  k n o c k d m  panel  type .  A 110 V . A . C .  e l e c -  
t r i c  s e r v i c e  w i th  a  30 ampere capac i t y  i s  r equ i r ed .  

The volume record ing  sampler can be disassembled and moved from s i t e  t o  s i t e .  
Exclusive of t he  s h e l t e r ,  two men can disassemble t h e  sampler and load i t  on t o  a  
t r uck  i n  one day, and reassemble it i n  two days. Adjustment of t h e  sampler a t  t h e  
new s i t e  may r e q u i r e  one man f o r  an  a d d i t i o n a l  day o r  two. 

The volume record ing  s ample rcos t s  about  $2,700, excluding i n t a k e  and s h e l t e r .  

46. B o t t l i n g  sampler--Primari ly  t he  b o t t l i n g  sampler was designed t o  ope ra t e  
on ephemeral o r  f l a shy  type  s t reams,  but  i t  would ope ra t e  on any type of s t ream. 

The b o t t l i n g  sampler requkres  a  s h e l t e r  of a t  l e a s t  6 by 8 f t  and 6 f t  h igh .  
The s h e l t e r  i s  e a s i e r  t o  move from s i t e  t o  s i t e  i f  i t  i s  b u i l t  i n  pane l s .  The 
b o t t l i n g  sampler i s  t h e  most e a s i l y  moved of t he  t h r e e  pumping samplers.  The 
sampler can be cons t ruc ted  t o  ope ra t e  from an I f 0  V . A . C .  e l e c t r i c  supply o r  from 
a  b a t t e r y .  

The c o s t  of t h e  b o t t l i n g  sampler i s  about  $1,700, excluding i n t ake ,  s h e l t e r ,  
and power supply.  

47. Avai lab i l i ty - -The  t h r e e  i n t e r m i t t e n t  pumping samplers ,  excluding i n t a k e  
and s h e l t e r ,  can be made on o rde r  from Federa l  agenc ies .  B o t t l e s  and glassware 
w i l l  no t  normally be suppl ied  but  can be furn ished  f o r  an  a d d i t i o n a l  c o s t .  It i s  
more s a t i s f a c t o r y  t o  o b t a i n  t h e  b o t t l e s  and have t h e  sed imenta t ion  tubes made 
l o c a l l y .  Orders should be  addressed t o  t h e  D i s t r i c t  Engineer ,  U. S. Army Engineer 
D i s t r i c t ,  Pos t  Of f i ce  and Custom House, S t .  Paul  1, Minnesota. 
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I X  . CONCLUDING REMARKS 

48. The pumping system--One problem inhe ren t  i n  any system f o r  pumping s ed i -  
ment samples from a stream i s  t h e  d i f f e r e n c e  between t h e  average  sediment concen- 
t r a t i o n  i n  t h e  s t ream c ros s  s e c t i o n  and t h e  sediment concent ra t ion  a t  t h e  sampler 
i n t a k e  ( p o i n t  of sample i n t a k e  from r i v e r ) .  The average sediment concent ra t ion  of 
t h e  North Loup River  near  S t .  Paul ,  Nebr., was 30 percent  g r e a t e r  than  t h e  concen- 
t r a t i o n  a t  t h e  sampler i n t a k e  (Table 3 ) .  For many streams the  average sediment 
concent ra t ion  i n  t h e  stream c r o s s  s e c t i o n  w i l l  be much c l o s e r  t o  t h a t  a t  t he  
sampler i n t a k e ,  bu t  f o r  o t h e r s  t h e  d i f f e r e n c e  w i l l  be g r e a t e r ,  e s p e c i a l l y  f o r  sand 
s i z e s  of sediment.  I f  t h e  i n t a k e  i s  l oca t ed  c a r e f u l l y  and i f  a  r a t i o  of average 
sediment concen t r a t i on  i n  t h e  stream c ros s  s e c t i o n  t o  concent ra t ion  a t  t he  sampler 
i n t a k e  i s  determined f o r  a  range of s t ream s t a g e  and sediment s i z e ,  t h e  unce r t a in ty  
i n  t h e  r e l a t i o n  between t h e  two w i l l  seldom prevent  adequate  sampling. 

A t  t h e  S t .  Pau l ,  Nebr., s i t e ,  t h e  concen t r a t i on  i n  t h e  samples c o l l e c t e d  was 
almost i d e n t i c a l  t o  t h a t  i n  t h e  r i v e r  a t  t h e  sampler i n t a k e  (F ig .  13) ,  but t h i s  
r e l a t i o n  was f o r  a  low-veloci ty stream wi th  sediment i n  t h e  f i n e  sand s i z e s  and 
sma 11 e r .  Samples pumped from h igh-ve loc i ty  s t reams t h a t  c a r r y  suspended sediment 
of coa r se  sands may have concent ra t ion  a s  low a s  80 pe rcen t  of t h e  concent ra t ion  
a t  t he  i n t a k e ,  (Table 4 ) .  The r e l a t i o n  between t h e  concent ra t ion  a t  t h e  i n t a k e  
and t h a t  i n  t h e  samples can be e s t ab l i shed  over  a  range of sampling cond i t i ons .  
The concen t r a t i on  a t  t he  i n t a k e  can be determined from t h e  concent ra t ion  i n  t h e  
samples. 

During t h e  f i r s t  f u l l  season of ope ra t i on  i n  1958 t h e  pumping sampler opera ted  
76 pe rcen t  of t h e  time, bu t  because of f requent  f a i l u r e s  due t o  l o w  r i v e r  d i scharge  
i t  opera ted  on ly  42 percent  of t he  time f o r  t h e  1959 season.  Operat ion of t h e  
sampler was i nc r ea sed  t o  81 percent  of t h e  1960 ope ra t i ng  season by a d d i t i o n  of t h e  
12-hour p r o t e c t i v e  cu to f f  system. Operation of t h e  sampler dropped t o  61 pe rcen t  
i n  1961 because of t h e  u se  of a n  overs ized  pump i n  t h e  volume record ing  sampler.  
This ope ra t i ona l  record  was ob ta ined  f o r  experimental  equipment on which f requent  
modi f ica t ions  were being t e s t e d ;  and a t  a  s i t e  500 mi les  from t h e  home o f f i c e .  As 
ope ra t i ona l  f a i l u r e s  occurred i n  t h e  pumping system, t h e  cause of t h e  f a i l u r e  was 
found and e l imina ted .  

The b i g g e s t  problem i n  maintaining continuous opera t i o n  i s  o u t s i d e  t he  pumping 
system. Sediment f r equen t ly  covers t h e  i n t a k e .  The pumping system has been i m -  
proved s o  t h a t  i t  w i l l  r e s t a r t  ope ra t i on  i f  t h e  sediment washes away and uncovers 
t h e  i n t a k e .  However, w i t h  t h e  p r e sen t  i n t a k e  s t r u c t u r e  f r equen t  maintenance i s  r e -  
qu i red  i f  sampling i s  t o  be  continuous i n  a  shal low,  s h i f t i n g  s t ream. 

The pumping samplers can sample t h e  suspended-sediment concent ra t ion  i n  a  
stream au toma t i ca l l y .  The samples a r e  ob ta ined  a t  predetermined time i n t e r v a l s .  

The main problem i s  no t  i n  t h e  pumping system but  i t  i s  i n  p l ac ing  t h e  i n t a k e  f o r  
t h e  pumping system a t  a  po in t  i n  t h e  stream where samples a r e  reasonable  repre-  
s e n t a t i v e  and where t h e  i n t a k e  w i l l  be i n  water  throughout t h e  per iod  between 
s e r v i c e  v i s i t s .  
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49. --Three d i f f e r e n t  systems were designed 
and constructed f o r  recording and analyzing the  samples obtained by pumping: 

A. The accumula tive-weight recording sampler c o l l e c t s  a 28-gallon sample 
every 30 minutes. The sample is  pumped i n t o  a sedimentation tank and the  
suspended sediment i s  weighed a s  i t  deposits  on a weighing pan near the 
bottom of the  sedimentation tank. 

During periods of very f i n e  suspended-sediment discharge (Table 2 ) ,  the  
f lushing water removes up t o  35 percent of the  sample concentration from 
the  sedimentation tank. The average sediment loss  of the  accumulative- 
weight recording system was 2 3  percent (Illable 6 ) .  Addition of a f loccul-  
a t i n g  agent would decrease the  sediment l o s s .  

The spring-transformer s c a l e  is  s e n s i t i v e  t o  one pound of deposited sedi-  
ment which represents  a single-sample concentration of about 9,000 ppm, a 
four-hour average concentrat ion (8 samples) of 900 ppm, and a da i ly  aver- 
age concentration (48 samples) of 150 ppm. The accumulative-weight: re-  
corder w i l l  accurate ly  measure concentratioas of sand s i z e s  of sediment 
during periods of steady or  slowly changing r i v e r  concentrations, but 
sudden changes w i l l  not  be  recorded. 

A record of sediment concentrat ion is  obtained without laboratory analys is  
of samples, without t ranspor ta t ion of samples, and without the  services  of 
someone t o  take d a i l y  o r  more frequent samples. 

The accumulative-weight recording sanipler m y  be used f o r  l a rge  streams 
and canals wi th  moderately uniform discharge and with high concentrations 
of suspended sediment of sand s i zes .  The sampler w i l l  operate even when 
the re  i s  considerable debr is  i n  the  flow. 

13. The volume recording sampler c o l l e c t s  a gallon sample every 30 minutes. 
The sample is pumped i n t o  a sedimentation tube. About 5-112 hours l a t e r  
a camera takes a p i c t u r e  of the  water l eve l  indicator  and of the  accumu- 
l a t e d  sediment a t  the  bottom of the  tube. A s p l i t t e r  i s  mounted on top 
of one of the  tubes so  t h a t  a p in t  sample i s  diverted and bo t t l ed  every 6 
hours . 
I f  the  suspended sediment i n  the  pumped sample contains a large  quant i ty  
of c l ay  and f i n e  s i l t ,  t he  water-sediment in te r face  i n  the  tube may be 
masked out by sediments s t i l l  i n  suspension a t  the time the  photograph of 
t h e  tube is  taken. Addition of a f loccula t ing agent would prevent the  
masking out of the  water-sediment in te r face  but would change the weight- 
height ca l ib ra t ion  of t h e  tube. 

A separa te  reading of sediment concentration i s  obtained every 30 minutes. 
Also every s i x  hours a b o t t l e  sample i s  taken f o r  laboratory ana lys i s  t o  
determine low sediment concentrations o r  t o  check on the  recorder ana lys i s  
a t  higher concentra ti one. 
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The accuracy  of t h e  a n a l y s i s  from the  photographs should be good f o r  
f a i r l y  h igh  concent ra t ions  of suspended sediments of s i l t  and sand s i z e s .  
The sampler can d e f i n e  r ap id  changes i n  stream concen t r a t i ons .  

The sampler may be used f o r  s t reams t h a t  con t a in  h igh  and r a p i d l y  chang- 
i ng  concen t r a t i ons  of sediments of coarse  s i l t  and sand s i z e s .  Under 
f avo rab l e  condi t ions  a  record  of sediment concen t r a t i ons  can be obtained 
wi thout  l abo ra to ry  a n a l y s i s  of sediment samples. Normally, some samples 
w i l l  r e q u i r e  t r a n s p o r t a t i o n  t o  t he  l abo ra to ry  f o r  a n a l y s i s  a s  i nd iv idua l  
o r  composite samples. 

C .  The b o t t l i n g  sampler c o l l e c t s  a  p i n t  sample every 12 hours  dur ing  low 
r i v e r  s t a g e s  and every hour dur ing  high r i v e r  s t a g e s .  Other time cyc les  
could a l s o  be used.  The sample i s  pumped i n t o  one of 145 mi lk  b o t t l e s  
f o r  a n a l y s i s  i n  t h e  l abo ra to ry  a t  another  t ime.  The sampler was b u i l t  
and l abo ra to ry  t e s t e d  but  i t  was no t  f i e l d  t e s t e d  a t  t h e  S t .  Paul ,  Nebr., 
s i t e  because most of t h e  components of t h e  sampler had a l r eady  been 
t e s t e d  t h e r e .  

The b o t t l i n g  sampler merely ob t a in s  samples according t o  a  p r e s e t  t ime 
schedule,  i t  does no t  determine o r  record concent ra t ion .  The sampler i s  
more e f f i c i e n t  on f i n e  sediments than on coa r se ,  bu t  can handle coarse  
sediments adequate ly .  The sample concent ra t ions  can be determined accur-  
a t e l y  i n  t h e  l abo ra to ry .  The sampler can be moved from s i t e  t o  s i t e  i f  
necessary .  

The major u se  of t h e  sampler w i l l  probably be a t  s i t e s  where personnel  
a r e  n o t  a v a i l a b l e  t o  t ake  samples, but  t h e  sampler can be used a t  a  wide 
v a r i e t y  of l o c a t i o n s .  The sampler was designed p r imar i l y  f o r  use  on 
ephemeral streams where t h e  cos t  of a n a l y s i s  of a  few samples i n  t h e  labor -  
a t o r y  i n  a  season i s  l e s s  important  than a  s imple,  movable, and economical 
sampler i n s t a l l a t i o n .  

The b o t t l i n g  sampler appears  t o  be a  p r a c t i c a l  ins t rument .  The accumulative- 
weight record ing  sampler and t h e  volume record ing  sampler a r e  u sab l e  under a  l i m i t e d  
range of cond i t i ons .  

50. Cooperat ive f i e l d  tes t s - -The  volume record ing  sampler and b o t t l i n g  sampler 
have been loaned t o  f i e l d  o f f i c e s  f o r  f u r t h e r  t e s t i n g .  

The volume record ing  sampler was loaned t o  t h e  A g r i c u l t u r a l  Research Se rv i ce  
a t  t he  U.S. Sedimentat ion Laboratory,  Univers i ty ,  Miss . ,  on November 10, 1961. 
M r .  Car l  R. M i l l e r  i s  d i r e c t o r  of t h e  l abo ra to ry  and M r .  Robert I?. P i e s t  i s  i n  
charge of ope ra t i ng  t h e  sampler.  The sampler i s  i n s t a l l e d  on Laboratory Creek 
which i s  ad j acen t  t o  t h e  Sedimentation Laboratory,  

The l o a n  of t h e  volume record ing  sampler i s  f o r  a t e n t a t i v e  per iod  of 18 
months. During t h i s  per iod  i n t e r im  r e p o r t s  on t he  ope ra t i on  of t h e  sampler w i l l  be 
submit ted and a  summary r e p o r t  w i l l  be submit ted a t  t h e  end of t he  per iod .  Af t e r  
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r e c e i p t  o f  t h e  summary r e p o r t ,  p r o j e c t  p e r s o n n e l  w i l l  e v a l u a t e  t h e  d e s i r a b i l i t y  of 
c o n t i n u i n g  o p e r a t i o n  of t h e  sample r  a t  Labora to ry  Creek.  

The b o t t l i n g  sampler  was loaned  t o  t h e  U.S. Geo log ica l  Survey,  Q u a l i t y  of 
Water Branch,  f i e l d  o f f i c e  a t  H a r r i s b u r g ,  P a . ,  on August 21,  1961. M r .  John R. 
George,  Geo log i s t - in -Charge ,  s u p e r v i s e s  o p e r a t i o n  of t h i s  sampler  which i s  i n -  
s t a l l e d  30 m i l e s  n o r t h e a s t  o f  H a r r i s b u r g  on B i x l e r  Run n e a r  L o y s v i l l e ,  P e n n s y l v a n i a .  
B i x l e r  Run i s  a  t r i b u t a r y  of t h e  Susquehanna R i v e r .  Because t h e  d r a i n a g e  a r e a  of 
t h e  s t r e a m  i s  o n l y  1 5  s q u a r e  m i l e s  t h e  s t r eam i s  r e l a t i v e l y  f l a s h y .  

The l o a n  o f  t h e  b o t t l i n g  sampler  i s  f o r  a  t e n t a t i v e  p e r i o d  of 1 4  months.  
During t h i s  p e r i o d  i n t e r i m  r e p o r t s  on t h e  o p e r a t i o n  of t h e  sampler  w i l l  b e  
s u b m i t t e d  and a  summary r e p o r t  w i l l  be  submi t t ed  a t  t h e  end of t h e  p e r i o d .  A f t e r  
r e c e i p t  of t h e  summary r e p o r t ,  a n  e v a l u a t i o n  w i l l  be  made by p r o j e c t  p e r s o n n e l  t o  
d e t e r m i n e  t h e  d e s i r a b i l i t y  of c o n t i n u i n g  o p e r a t i o n  of t h e  sampler  a t  B i x l e r  Run. 

51 .  F u t u r e  Development--At t h e  end of a  y e a r  o r  two t h e  f i e l d  e x p e r i e n c e  of 
t h e  volume r e c o r d i n g  sampler  and  b o t t l i n g  sampler  w i l l  b e  reviewed.  F u r t h e r  d e v e l -  
opment and  t h e  c o r r e c t i o n  of d e f i c i e n c i e s  w i l l  b e  c o n s i d e r e d  a t  t h a t  t ime .  

I t  i s  recommended t h a t  g e n e r a l  u s e  of t h e  sample r s  b e  de layed  u n t i l  comple t ion  
of t h e  f i e l d  t e s t s .  However, any o f  t h e  t h r e e  pumping sample r s  w i l l  be  b u i l t  t o  
f i l l  s p e c i f i c  o r d e r s  from F e d e r a l  Agenc ies .  
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X .  APPENDIX A 

52. Data tab les - -Tables  10,  11, and 12 show t h e  r e s u l t s  of t h e  i n t a k e  t e s t s  
a t  t h e  S t .  Pau l ,  Nebr.,  s i t e .  These t e s t s  a r e  descr ibed  i n  Sec t ion  17.  

P a r t  of t h e  b o t t l e  rack  samples c o l l e c t e d  by t h e  volume record ing  sampler 
were analyzed f o r  sediment concen t r a t i on .  The r e s u l t s  of t h e  ana lyses  a r e  shown i n  
Table 13.  
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TABLE 11 

TESTS OF ELBOW INTAKE AT ST. PAUL 

TABLE 12 

TESTS OF NIPPLE INTAKE AT ST. PAUL 

(1) At sampler intake. 
(2) Concentration of splitter sample/concentration of river sample. 
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TABLE 13 

SEDIMENT CONCENTRATION OF VOLUME RECORDER BOTTLE RACK SAMPLES 

[ P P ~ I  

D a t e  I T i m e  1 C o n c .  11 B o t t l e  
N o .  

D a t e  C o n c  . 
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X I .  APPENDIX B 

53. Cycle of ope ra t i on ,  accumulative-weight record ing  sampler--The cyc l i ng  of 
the  accumulative-weight record ing  sampler i s  c o n t r o l l e d  by t he  e l e c t r i c a l  sy s  tem 
shown i n  F i g .  32, which opera tes  a s  fo l lows:  

a .  The cyc l e  of opera t ion  s t a r t s  when t h e  1130-rpm t iming motor and cam open 
t h e  f l u s h  so lenoid  pinch va lve ,  so  t h a t  t h e  top 2 i n ,  of superna tan t  
l i q u i d  d r a i n s  ou t  through t h e  i n t a k e .  

b .  When t h e  water  l e v e l  i n  t h e  sedimentat ion tank  reaches  a  predetermined 
l e v e l  t h e  lower l i m i t  switch of t h e  water  l e v e l  con t ro l  c l o s e s  t h e  so l e -  
no id  pinch va lve  and s t a r t s  t he  s i l t  pump and 114-rpm timing motor.  The 
s i l t  pump i n t e r l o c k  r e l a y  prevents  t h e  pinch va lve  from opening when t h e  
s i l t  pump i s  opera t ing .  The weight  of t h e  water  i n  t h e  flow i n d i c a t o r  
depresses  t h e  i n d i c a t o r  swi tch ,  and t h e  switch c u t s  o f f  t h e  c u r r e n t  t o  
t h e  p r o t e c t i o n  c i r c u i t  and t u r n s  on t h e  whi te  l i g h t .  

c .  During t h e  f i r s t  50 seconds t h a t  t h e  s i l t  pump ope ra t e s  t h e  s p l i t t e r  i s  
i n  t h e  was te  p o s i t i o n  t o  a l low t h e  sediment concent ra t ion  i n  i h e  pumped 
flow t o  become cons t an t .  

d .  A t  t h e  end of t h e  waste  time a  cam on t h e  114-rpm t iming motor a c t i v a t e s  
t h e  s p l i t t e r  so lenoid  through t h e  upper l i m i t  switch of t he  water  l e v e l  
c o n t r o l  which moves t he  s p l i t t e r  supply l i n e  t o  t h e  sampling p o s i t i o n .  

e .  A f t e r  t h e  water  l e v e l  i a  t h e  sedimentat ion tank has r i s e n  2 i n . ,  t h e  
upper l i m i t  switch of t he  water  l e v e l  c o n t r o l  opens, and d e a c t i v a t e s  t he  
s p l i t t e r  so lenoid .  The s p l i t t e r  supply l i n e  moves back t o  t h e  was te  
p o s i t i o n .  

f .  The s i l t  pump cont inues  t o  d i scharge  i n t o  t h e  wasteway u n t i l  t h e  pump 
has  run  a  t o t a l  t ime of fou r  minutes ,  then t h e  pump i s  stopped by a cam 
on t h e  114-rpm t iming motor. 

g .  Because t h e  1/30-rpm t iming motor cont inues  t o  run ,  t h e  cyc l e  i s  r epea t ed  
every 30 minutes .  

h .  I f  t h e  s i l t  pump f a i l s  t o  b r ing  i n  a  sample because t h e  i n t a k e  i s  covered 
w i t h  sand o r  t h e  water  l e v e l  f a l l s  below t h e  i n t a k e ,  t h e  p r o t e c t i o n  
system d iscont inues  t he  normal cyc l e  of ope ra t i on  a s  fol lows:  

(1)  Water s t ops  flowing through t h e  flow i n d i c a t o r .  The i n d i c a t o r  
switch c l o s e s  and a c t u a t e s  t he  t ime de lay  r e l a y .  

(2)  I f  flow i s  no t  r e s t a r t e d  through t h e  flow i n d i c a t o r  w i t h i n  20 
seconds, t h e  time de lay  r e l a y  c l o s e s  and s t a r t s  t h e  112-rpm t iming 
motor. 
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(3) Ten seconds a f t e r  t h e  112-rpm t iming motor s t a r t s ,  a  cam on t h e  112- 
rpm t iming motor a c t i v a t e s  t h e  cyc l e  de lay  r e l a y  (X). 

(4 )  The f i r s t  po l e  of t he  cyc l e  de l ay  r e l a y  (XI) opens and s tops  t h e  
s i l t  pump and 1/2-rpm t iming motor.  If t h e  s i l t  pump s tops  w i t h i n  
50 seconds a f t e r  s t a r t i n g  t h e  s p l i t t e r  w i l l  no t  move t o  t h e  sampling 
p o s i t i o n .  

(5)  The second po l e  of t h e  cyc l e  de l ay  r e l a y  (X2) switches t h e  feed  f o r  
t h e  1/30-rpm t iming motor t o  t h e  t iming motor cam so  t h a t  t h e  motor 
w i l l  s t op  a f t e r  3-112 minutes .  

(6) The t h i r d  po l e  of t he  cyc l e  de lay  r e l a y  (X3)  s t a r t s  t h e  1112-rph 
t iming motor.  The yellow l i g h t  glows whi le  t h e  1/12-rph motor i s  
on. 

(7)  Af t e r  11 hours  and 40 minutes a  cam on t h e  1/12-rph t iming motor 
a c t i v a t e s  t h e  12 hour r e l a y  (33). 

(8) The f i r s t  po l e  on t he  12 hour r e l a y  (@I)  switches t h e  feed from t h e  
1130-rpm t iming motor t o  t he  1112-rph t iming motor. 

(9) The second po l e  on t h e  12 hour r e l a y  (82) r e s t a r t s  t h e  1/2-rpm 
t iming motor.  A cam on t h e  112-rpm t iming motor s t ops  t h e  motor 
a f t e r  one r evo lu t i on  and s h u t s  o f f  t h e  time de lay  r e l a y .  

(10) A second cam on t h e  112-rpm t iming motor a c t i v a t e s  an  a u x i l i a r y  so l e -  
no id  pinch va lve  which permits  10 ga l l ons  of f l u sh ing  water  t o  e n t e r  
t h e  sedimentat ion tank from an  a u x i l i a r y  supply tank.  

(11) The cam on t h e  1112-rph t iming motor, which shu t s  of f  t h e  12 hour 
r e l ay , s t ops  t h e  motor a f t e r  one r evo lu t i on  and r e s t a r t s  t h e  1130- 
rpm t iming motor.  

(12) The cam on t h e  1130-rpm t iming motor s t a r t s  t he  normal cyc l e  of oper- 
a t i o n  (a-g) .  

(13) I f  t h e  s i l t  pump b r ings  i n  a  sample, t h e  normal s e r i e s  of cyc les  a r e  
cont inued but  i f  t h e  s i l t  pump f a i l s  t o  b r ing  i n  a  sample t h e  pro- 
t e c t i o n  cyc l e  (h) i s  repea ted .  

The manual c o n t r o l  switch can be used t o  ope ra t e  t he  pumping cyc l e  between 
r egu l a r  c y c l e  per iods  and t o  ope ra t e  t he  s i l t  pump t o  f i l l  t he  sedimentat ion tank .  
The 12-hour c u t o f f  swi tch  can be used t o  a c t i v a t e  12-hour r e l a y  (@) p r i o r  t o  t h e  
normal p r o t e c t i o n  cyc l e  time of 11 hours and 40 minutes Step ( 7 ) .  Af t e r  s t e p s  (8)  
through (10) a r e  completed t h e  12-hour cu to f f  switch i s  tu rned  o f f ,  and t h e  1130- 
rpm t iming motor resumes t h e  normal c y c l e  of ope ra t i on .  The r ed  l i g h t  i s  on when- 
ever t h e  manual c o n t r o l  switch o r  t h e  12-hour switch i s  c lo sed .  
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Whenever t h e  s p l i t t e r  so lenoid  i s  a c t i v a t e d  t h e  cyc l e  i nd i ca to r  motor i s  a c t i -  
va ted .  This motor opera tes  an a u x i l i a r y  pen i n  t he  load recorder  t o  make a  s e r i e s  
of s h o r t  dashes on t h e  r i g h t  s i d e  of t h e  recorder  c h a r t .  (See F ig .  33) .  -p 

FIG.  3 3 -  C Y C L E  I N D I C A T O R  F O R  A C C U M U L A T I V E -  

W E I G H T  R E C O R D I N G  SAMPLER 

54. Cycle of opera t ion ,  volume recording-sampler--The cyc l ing  of t h e  volume 
record ing  sampler i s  con t ro l l ed  by t h e  e l e c t r i c a l  system shown i n  F ig .  34 and 35 
which ope ra t e s  a s  fol lows:  

a .  The cyc l e  of opera t ion  s t a r t s  when t h e  1130-rpm timing motor and cam 
s t a r t  t h e  113-rpm t iming motor and 116-rpm timing motor ( i n  wheel c o n t r o l  
s e c t i o n ) .  Af t e r  one r evo lu t ion  the  113-rpm and t h e  116-rpm t iming motors 
a r e  stopped by the  f i r s t  cam on each of t h e  timing motors. 

b .  The second cam on t h e  113-rpm t iming motor opens t he  solenoid pinch va lve  
f o r  45 seconds during which time p a r t  of t h e  f l u sh ing  water  d ra in s  from 
t h e  flushing-water supply tank out  through t h e  i n t ake .  

c .  The second cam on t h e  116-rpm t iming motor a c t i v a t e s  t he  camera so lenoid  
t o  photograph t h e  sediment accumulation and water  he ight  i n  t h e  sedimen- 
t a  t i o n  tube .  

d ,  The t h i r d  cam on t h e  116-rpm t iming motor s t a r t s  t h e  wheel motor. A 
l i m i t  switch s tops  t h e  wheel motor when t h e  next  sedimentation tube i s  
i n  p o s i t i o n .  



NOTE: Controls  shown i n  p o s i t i o n  a t  s t a r t  of normal cyc le .  
The poles  (P l  and P2) of t h e  12-hour r e l a y  and t h e  poles  (XI, X2, and X j )  of t h e  cyc le  delay 

r e l a y  a r e  i n ' t h e  normal p o s i t i o n  except when the  p ro tec t ion  c i r c u i t  opera tes .  

TO LOW WATER 
CUTOFF F ig .  36 

115 V A C  

- - - -  ---- 
E w K h  closed t o  NO p o s i t i o n  & 

Fig.  36 u L/" 

FIG. 34 - PUMPING CONTROLS FOR VOLUME RECORDING SAMPLER 



Wheel motor 
l i m i t  swi tch  

6 w i r e  c a b l e  
from main 
c o n t r o l  box 

Manual wheel 
motor swi tch  
SP ST 

F I G .  35- WHEEL CONTROLS F O R  VOLUME RECORDING SAMPLER 
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e.  The t h i r d  cam an the  113-rpm timing motor a c t i v a t e s  the s i l t  pump f o r  100 
seconds. The weight of the water i n  the  flow indicator  depresses the in-  
d ica to r  switch, and the switch cuts  off the current  t o  the protect ion 
c i r c u i t  and turns  on the  white l i g h t .  

f .  During the  f i r s t  50 seconds tha t  the s i l t  pump operates the  s p l i t t e r  i s  
i n  the  waste posi t ion t o  allow the  sediment concentration i n  the  pumped 
flow t o  become constant. 

g. The four th  cam on the 116-rpm timing motor a c t i v a t e s  the dump solenoid 
and dump tapper motor t o  dra in  the sedimentation tube (san'e tube a s  
photographed by Step c)  . The dump tapper operates f o r  30 seconds t o  
loosen the  accumulated sediment. 

h. A t  the end of the waste time the fourth cam on the  113-rpm timing motor 
a c t i v a t e s  the s p l i t t e r  solenoid which moves the  supply l i n e  t o  the  
sampling pos i t ion  fo r  about 5 seconds (long enough t o  c o l l e c t  a 1-gallon 
sample i n  the  sedimentation tube which was drained during the  previous 
cycle) .  

i. The s i l t  pump continues t o  discharge i n t o  the wasteway f o r  the  remainder 
of- the  100 seconds. This waste water i s  used t o  replenish the f lushing- 
water supply tank. 

j. The sample tapper motor operates during the  6 minutes t h a t  the 116-rpm 
timing motor operates.  The sample tapper assures  even compaction of the  
accumulated sediment. 

k. Because the  1130-rpm timing motor continues t o  run, the  cycle i s  re-  
peat ed every 30 minutes . 

1. I f  the s i l t  pump f a i l s  t o  bring i n  a sample because the  in take  i s  covered 
with sand,or the  water l eve l  f a l l s  below the  intake,  or  fo r  any other 
reason t h e  protect ion system w i l l  discontinue the  normal cycle of oper- 
a t i o n  a s  follows: 

(1) Water stops flowing through the  flow ind ica to r .  The indicator  
switch c loses  and actuates  the time delay re lay .  

(2) I f  flow does not r e s t a r t  through the  flow indicator  within 20 
seconds, the  time delay re lay  c loses  and a c t i v a t e s  the cycle delay 
re lay  (X) and s t a r t s  the  1112-rph timing motor. The yellow l i g h t  
i s  on while the  1112-rph motor i s  on. 

(3)  The f i r s t  pole of the  cycle delay re lay  (XI) opens and stops the  
s i l t  pump. 
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(4) The second po le  of t h e  cyc l e  de lay  r e l a y  (X2) switches t h e  feed  f o r  
t h e  1130-rpm t iming motor t o  i t s  cam so  t h a t  t h e  motor w i l l  s t o p  
a f t e r  2-112 minutes .  

(5) The t h i r d  po l e  of t h e  cyc l e  de lay  r e l a y  (X3) switches t h e  feed f o r  
t h e  cyc le  de lay  r e l a y  (X) and 1112-rph timing motor from the  t ime 
delay r e l a y  t o  t h e  f i r s t  po l e  of t h e  12 hour r e l a y  (@I). 

(6) Af te r  I1 hours and 40 minutes a  cam on t h e  1112-rph t iming motor 
a c t i v a t e s  t h e  12 hour r e l a y  ( f ) .  

(7) The f i r s t  p o l e  of t h e  12-hour r e l a y  (Q1) opens and shu t s  o f f  t h e  
cyc l e  delay r e l a y  (X). 

(8) The second po le  of  t h e  12-hour r e l a y  (82) switches t h e  feed  of t h e  
1112-rph timing motor from t h e  t h i r d  pole  of t h e  cyc l e  delay r e l a y  
(Xg) t o  t h e  hot  l i n e .  

(9) The cam on t h e  1112-rph t iming motor s tops  t h e  motor a f t e r  one 
r evo lu t ion ,  shu t s  o f f  t h e  12 hour r e l a y ,  and r e s t a r t s  t h e  1/30-rpm 
timing motor. 

(10) The cam on t h e  1130-rpm timing motor s t a r t s  t h e  normal cyc l e  of oper- 
a t i o n  (a-k).  

(11) I f  t h e  s i l t  pump b r ings  in a  sample, t h e  normal s e r i e s  of cyc l e s  a r e  
continued bu t  i f  t h e  s i l t  pump f a i l s  t o  b r ing  i n  a  sample, t h e  
s a f e t y  cyc l e  (1) i s  repea ted .  

The manual con t ro l  switch can be used t o  ope ra t e  t h e  pumping cyc l e  between 
r e g u l a r  cyc l e  pe r iods .  The 12-hour cu to f f  switch can be used t o  a c t i v a t e  t h e  12- 

hour r e l a y  ( f )  p r i o r  t o  t h e  normal p ro t ec t ion  c y c l e  time of I1 hours and 40 minutes 
S tep  (6). Af te r  t h e  12-hour cu tof f  switch i s  tu rned  o f f ,  t h e  1130-rpm timing 
motor and normal cyc l e  of ope ra t ion  i s  r e s t a r t e d .  The r ed  l i g h t  i s  on whenever t h e  
manual con t ro l  switch o r  12-hour cu to f f  switch i s  c losed.  

A low-water cu tof f  and cyc l e  i n d i c a t o r  i s  provided by a  gage house c o n t r o l  
c i r c u i t  (Fig.  36) .  During per iods  of no flow t h e  mercury f l o a t  switch remains 
open s o  t h a t  t h e  c o i l  of t h e  low-water cu tof f  r e l a y  i s  dead and the  r e l a y  swi tch  i s  
open, When t h e r e  i s  water  i n  t h e  r i v e r  and gage we l l  t he  mercury f l o a t  swi tch  i s  
c losed  and the  c o i l  of t he  low-water cu to f f  r e l a y  i s  a c t i v a t e d  thus c l o s i n g  t h e  
r e l a y  switch.  

Whenever t h e  1/3-rgm t iming motor i s  running, t h e  c o i l  of t h e  i n d i c a t o r  pen 
i s  a c t i v a t e d .  The i n d i c a t o r  pen i s  a  modified time i n d i c a t o r  pen on a  Stevens 
modelnA-35 water  s t a g e  r eco rde r .  This i n d i c a t i n g  system was f i r s t  used by 
Welborn. [5 ]  The i n d i c a t o r  pen makes a  s e r i e s  of s h o r t  dashes on t h e  r i g h t  s i d e  
of t h e  water-s tage recorder  c h a r t .  (See P ig .  37) 
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55. Cyc l e  of ope ra t i on ,  b o t t l i n g  sampler--The cyc l i ng  of t he  b o t t l i n g  sampler 
i s  c o n t r o l l e d  by t h e  e l e c t r i c a l  system shown i n  F i g .  38 & 39. The dua l  sampling 
frequency of t h e  bot t le-wheel  sampler i s  c o n t r o l l e d  by a  f l o a t  switch i n  t he  wa te r  
l e v e l  gage we l l  and cyc l e  frequency r e l a y  i n  t he  gage house con t ro l  (F ig .  3 9 ) .  
During low flow the  mercury f l o a t  switch remains open and t he  cyc l e  frequency 
r e l a y  remains i n  t he  c losed  p o s i t i o n .  A t  a  predetermined r i v e r  s t a g e  t h e  mercury 
f l o a t  switch c l o s e s  and a c t i v a t e s  t h e  c y c l e  frequency r e l a y  c o i l  which opens t h e  
r e l a y  swi tch .  The cyc l e  of ope ra t i on  of t he  b o t t l e  wheel sampler i s  a s  fo l lows:  

1. Low r i v e r  s t a g e  ope ra t i on  ( cyc l e  frequency r e l a y  i n  c losed  p o s i t i o n ) .  

a .  The cyc l e  of ope ra t i on  s t a r t s  when t h e  1112-rph t iming motor and cam 
a a t i v a t e  t he  12-hour r e l a y  (B) .  

b .  The f i r s t  po l e  (@I) of t h e  12 hour r e l a y  s t a r t s  t h e  1-rph t iming  
motor. The second cam on t h e  1-rph t iming motor s t a r t s  t h e  112-rpm 
t iming  motor. The second cam on t h e  1-rph t iming motor and t h e  f i r s t  
cam on t h e  112-rpm t iming motor s t op  each motor a f t e r  one r e v o l u t i o n .  

c .  The second cam on t h e  112-rpm t iming motor opens t he  so lenoid  p inch  
va lve  f o r  40 seconds s o  t h a t  p a r t  of t he  f l u sh ing  water  from t h e  
f  lushing-water supply tank d r a i n s  ou t  through the  i n t a k e .  

d .  The t h i r d  cam on t h e  1/2-rpm t iming motor a c t i v a t e s  t he  s i l t  pump 
f o r  65 seconds. The weight  of t he  water  i n  t he  flow i n d i c a t o r  
depresses  t he  i n d i c a t o r  swi tch ,  and t he  switch c u t s  o f f  t h e  c u r r e n t  
t o  t he  p r o t e c t i o n  c i r c u i t  and t u rns  on t h e  whi te  l i g h t .  

e .  During t h e  f i r s t  40 seconds t h a t  t h e  s i l t  pump opera tes  t h e  s p l i t t e r  
i s  i n  t he  was te  p o s i t i o n  t o  a l low t h e  sediment concent ra t ion  i n  t h e  
pumped flow t o  become cons t an t .  

f .  A t  t h e  end of t he  was te  time t h e  f o u r t h  cam on t he  112-rpm t iming  
motor a c t i v a t e s  t h e  s p l i t t e r  so lenoid  which moves t he  supply l i n e  t o  
t h e  sampling p o s i t i o n  f o r  about  t h r e e  seconds ( long enough t o  c o l l e c t  
a  sample i n  one of t h e  p i n t  milk b o t t l e s ) .  

g .  The s i l t  pump cont inues t o  d i scharge  i n t o  t h e  wasteway f o r  t h e  r e -  
mainder of t h e  65 seconds. This  was te  water  i s  used t o  r e p l e n i s h  
t h e  f lushing-water  supply.  

h .  The f i f t h  cam on t he  112-rpm t iming motor , , ,~c t iva tes  t h e  wheel s o l e -  
noid and b o t t l e  rack  s t o p  mechanism ( ~ i ~ : / w .  The s t o p  mechanism 
c o n t r o l s  t h e  movement of t h e  b o t t l e  rack  s o  t h a t  t he  next  b o t t l e  i s  
moved i n t o  t h e  sampling p o s i t i o n .  (See Sec t ion  41) .  

i. Because t h e  1112-rpm t iming motor cont inues  t o  run,  t he  cyc l e  i s  re -  
pea ted  every 12 hours .  



TO FREQUENCY CONTROL 
NOTE: Controls  shown i n  p o s i t i o n  a t  s t a r t  of 12-hour c y c l e .  F i g .  39 

The po les  (Xi and X2) of t h e  c y c l e  de lay  r e l a y  a r e  i n  t h e  normal p o s i t i o n  except  when t h e  p r o t e c t i o n  
c i r c u i t  o p e r a t e s .  

The po les  (a l  and 82)  of t h e  12-hour r e l a y  a r e  i n  t h e  normal p o s l t i o n  d u r i n g  t h e  one hour c y c l e s .  

Switch c l o s e d  t o  NO 
p o s i t i o n  & pump opera te s  
50 - 115 seconds 

-- 

FLOW INDICATOR SWITCH 

( I n  normal ly  c l o s e d  
p o s i t i o n  u n l e s s  wa te r  

TO CYCLE INDICATOR i s  i n  i n d i c a t o r  p ipe )  

F i g .  39 

F I G .  38 -CONTROL SYSTEM FOR BOTTLING SAMPLER 
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I n d i c a t o r  pen c o i l  
on recorder  

F l o a t  swi tch  i n  gage w e l l .  
Closed i n  high w a t e r .  

Leads from main c o n t r o l  box 
F igure  38 

FIG. 39 GAGE HOUSE CONTROL UNIT FOR BOTTLING SAMPLER 

2.  High r i v e r  s t a g e  ope ra t ion  (cyc le  frequency r e l a y  i n  normally open 
p o s i t i o n ) .  

a .  The f i r s t  po le  (a1) of t h e  12-hour r e l a y  s tops  t he  1112-rph timing 
motor and t h e  cyc l e  frequency r e l a y  switch feeds  t h e  1-rph timing 
motor. 

b .  The cyc l e  of opera t ion  s t a r t s  when t h e  second cam on t h e  1-rph t iming 
motor s t a r t s  t he  112-rpm t iming motor. The f i r s t  cam on t h e  11.2-rpm 
t iming motor s tops  t h e  112-rpm t iming motor a f t e r  one r evo lu t ion .  

c .  The cyc l e  of opera t ion  i s  continued i n  t h e  same sequence a s  1-c 
through 1-h. 

8. Because t h e  1-rph t iming motor cont inues  t o  run,  t h e  cyc l e  i s  re-  
peated every hour. 
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3 .  P r o t e c t i o n  cyc le  

a .  I f  t h e  s i l t  pump f a i l s  t o  b r ing  i n  a  sample because t h e  i n t a k e  i s  
plugged o r  t h e  s tream i s  below t h e  i n t ake ,  t h e  p ro t ec t ion  system d i s -  
continues t h e  normal cyc l e  of opera t ion .  

b .  Water s tops  f lowing through t h e  flow i n d i c a t o r ,  The i n d i c a t o r  switch 
c lo ses  and a c t u a t e s  t h e  time delay r e l a y .  

c ,  I f  flow i s  no t  r e s t a r t e d  through t h e  flow i n d i c a t o r  w i th in  20 
seconds, t h e  time de l ay  r e l a y  c lo ses  and a c t i v a t e s  t h e  cyc l e  delay 
r e l a y  (X). The yellow l i g h t  glows wh i l e  t h e  c y c l e  de lay  r e l a y  i s  on. 

d. The feed  from t h e  cyc l e  frequency r e l a y  comes through t h e  f i r s t  po le  
(XI) of t h e  c y c l e  de lay  r e l a y  which switches t h e  feed  from t h e  1-rph 
t iming motor t o  t h e  1/12-rph timing motor. Af t e r  one r evo lu t ion  t h e  
1-rph timing motor i s  stopped by i t s  second cam. 

e .  The second po le  (x2) of t h e  cyc l e  de lay  r e l a y  switches t h e  feed  of 
t h e  cyc l e  de lay  r e l a y  (X) from t h e  time delay r e l a y  t o  t h e  f i r s t  cam 
of t h e  1-rph t iming motor. 

f .  Twenty minutes a f t e r  t h e  p ro t ec t ion  cyc l e  s t a r t e d  t h e  second po le  
($22) of t h e  12-hour r e l a y  c lo ses  and feeds  t h e  c y c l e  de lay  r e l a y  (X) 
a f t e r  t h e  f i r s t  cam of t h e  1-rph t iming motor opens. 

g. ?helve hours a f t e r  t h e  p ro t ec t ion  cyc l e  s t a r t e d  t h e  cam on t h e  l /12-  
rph timing motor c lo se s  and a c t i v a t e s  t h e  12 hour r e l a y  ( 8 ) .  

h.  The second po le  (Q2) of t h e  12 hour r e l a y  shuts  of f  t h e  cyc l e  de lay  

r e l a y  (X).  The f i r s t  po l e  (XI) of t h e  cyc l e  de lay  r e l a y  s t a r t s  the 
1-rph t iming motor and t h e  normal cyc l e  of opera t ion .  

i. I f  t h e  s i l t  pump b r ings  i n  a  sample, t h e  normal cyc l e  of opera t ion  
i s  continued bu t  i f  t h e  s i l t  pump f a i l s  t o  b r i n g  i n  a  sample, t h e  
p ro t ec t ion  c y c l e  i s  repea ted .  

The  manual con t ro l  switch can be used t o  ope ra t e  t he  pumping cyc l e  between 
r egu la r  cyc l e  per iods .  The 12-hour s a f e t y  cu tof f  switch can be used t o  a c t i v a t e  
t h e  12-hour r e l a y  p r i o r  t o  t h e  normal 12-hour p ro t ec t ion  cyc l e  time. The r ed  
l i g h t  i s  on whenever t h e  manual c o n t r o l  switch o r  t h e  12-hour s a f e t y  cu tof f  switch 
is  closed.  

Whenever t h e  L/2-rpm t iming  motor i s  running, t h e  c o i l  of a  cyc l e  i n d i c a t o r  
pen i s  a c t i v a t e d .  This i n d i c a t o r  pen i s  t h e  same a s  shown i n  F ig .  37 f o r  t h e  
sediment-wheel r eco rde r ,  
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